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The Credit Decision 


E Learning Objectives 


After completing this reading you should be able to: 


© Define credit risk and explain how it arises using © Compare the credit analysis of consumers, corporations, 
examples. financial institutions, and sovereigns. 
© Explain the components of credit risk evaluation. © Describe quantitative measurements and factors of credit 


risk, including probability of default, loss given default, 


© Describe, compare, and contrast various credit risk exposure at default, expected loss, and time horizon. 
mitigants and their role in credit analysis. 


© Compare bank failure and bank insolvency. 
® Compare and contrast quantitative and qualitative 


techniques of credit risk evaluation. 


Excerpt is Chapter 1 of The Bank Credit Analysis Handbook, Second Edition, by Jonathan Golin and Philippe Delhaise. 


CREDIT. Trust given or received; expectation of future pay- 
ment for property transferred, or of fulfillment or promises 
given; mercantile reputation entitling one to be trusted;— 
applied to individuals, corporations, communities, or 
nations; as, to buy goods on credit. 


—Webster’s Unabridged Dictionary, 1913 Edition 


A bank lives on credit. Till it is trusted it is nothing; and 
when it ceases to be trusted, it returns to nothing. 


—Walter Bagehot' 


People should be more concerned with the return of their 
principal than the return on their principal. 


—Jim Rogers? 


The word credit derives from the ancient Latin credere, 
which means “to entrust” or “to believe.”? Through the 
intervening centuries, the meaning of the term remains close 
to the original; lenders, or creditors, extend funds—or 
“credit”—based upon the belief that the borrower can be 
entrusted to repay the sum advanced, together with interest, 
according to the terms agreed. This conviction necessarily 


1 Walter Bagehot, Lombard Street: A Description of the Money Mar- 
ket (1873), hereafter Lombard Street. Bagehot (pronounced “badget” 
to rhyme with “gadget") was a nineteenth-century British journalist, 
trained in the law, who wrote extensively about economic and finan- 
cial matters. An early editor of The Economist, Bagehot's Lombard 
Street was a landmark financial treatise published four years before 
his death in 1877. 


2 Various attributions; see for example Global-Investor.com; 500 of the 
Most Witty, Acerbic and Erudite Things Ever Said About Money (Har- 
riman House, 2002). Author of Adventure Capitalist and Investment 
Biker, Jim Rogers is best known as one of the world’s foremost inves- 
tors. As co-founder of the Quantum fund with George Soros in 1970, 
Rogers's extraordinary success as an investor enabled him to retire at 
the age of 37. He remains in the public eye, however, through his books 
and commentary in the financial media. 


3 See, for example, “credit... . Etymology: Middle French, from Old 
Italian credito, from Latin creditum, something entrusted to another, 
loan, from neuter of creditus, past participle of credere, to believe, 
entrust.” Merriam-Webster Online Dictionary, www.m-w.com. Web- 
ster’s Revised Unabridged Dictionary (1913) defines the term to mean: 
“trust given or received; expectation of future payment for property 
transferred, or of fulfillment or promises given; mercantile reputation 
entitling one to be trusted; applied to individuals, corporations, com- 
munities, or nations; as, to buy goods on credit.” www.dictionary. 
net/credit. Walter Bagehot, whose quoted remarks led this chapter, 
gave the meaning of the term as follows: “Credit means that a certain 
confidence is given, and a certain trust reposed. Is that trust justified? 
And is that confidence wise? These are the cardinal questions. To put it 
more simply, credit is a set of promises to pay; will those promises be 
kept?” (Bagehot, Lombard Street). 


rests upon two fundamental principles; namely, the creditor's 
confidence that: 


1. The borrower is, and will be, willing to repay the funds 
advanced 


2. The borrower has, and will have, the capacity to repay those 
funds 


The first premise generally relies upon the creditor’s knowledge 
of the borrower (or the borrower's reputation), while the second 
is typically based upon the creditor’s understanding of the bor- 
rower's financial condition, or a similar analysis performed by a 
trusted party.4 


1.1 DEFINITION OF CREDIT 


Consequently, a broad, if not all-encompassing, definition of credit 
is the realistic belief or expectation, upon which a lender is willing 
to act, that funds advanced will be repaid in full in accordance with 
the agreement made between the party lending the funds and the 
party borrowing the funds.” Correspondingly, credit risk is the pos- 
sibility that events, as they unfold, will contravene this belief. 


Creditworthy or Not 


Put another way, a sensible individual with money to spare 
(i.e., savings or capital) will not provide credit on a commercial 
basis°—that is, will not make a loan—unless she believes that 
the borrower has both the requisite willingness and capacity to 
repay the funds advanced. As suggested, for a creditor to form 
such a belief rationally, she must be satisfied that the following 
two questions can be answered in the affirmative: 


1. Will the prospective borrower be willing, so long as the 
obligation exists, to repay it? 


2. Will the prospective borrower be able to repay the obliga- 
tion when required under its terms? 


4 This is assuming, of course, that the financial condition of the borrower has 
been honestly and openly represented to the creditor through the borrow- 
er's financial statements. The relevance of the assumption remains important, 
as the discussions concerning financial quality later in the book illustrate. 


> As put by John Locke, the seventeenth-century British philosopher, 

“credit [is] nothing but the expectation of money within some limited 

time . .. money must be had, or credit will fail.” —vol. 4 of The Works of 
John Locke in Nine Volumes, 12th ed. (London: Rivington, 1824), www 
.econlib.org. Credit exposure (exposure to credit risk) can also arise indi- 
rectly as a result of a transaction that does not have the character of loan, 
such as in the settlement of a securities transaction. The resultant settlement 
risk is a subset of credit risk. Aside from settlement risk, however, credit risk 
implies the existence of a financial obligation, either present or prospective. 


© The phrase “on a commercial basis” is used here to mean in an “arm’s- 
length” business dealing with the object of making a commercial profit, in 
contrast to a transaction entered into because of friendship, family ties, or 
dedication to a cause, or as a result of any other noncommercial motivation. 
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SOME OTHER DEFINITIONS 
OF CREDIT 


Credit [is] nothing but the expectation of money, within 
some limited time. 


—John Locke 


Credit is at the heart of not just banking but business 
itself. Every kind of transaction except, maybe, cash on 
delivery—from billion-dollar issues of securities to get- 
ting paid next week for work done today—involves a 
credit judgment. . . . Credit... is like love or power; it 
cannot ultimately be measured because it is a matter 
of risk, trust, and an assessment of how flawed human 
beings and their institutions will perform. 


—R. Taggart Murphy’ 


Traditional credit analysis recognizes that these questions 
will rarely be amenable to definitive yes/no answers. Instead, 
they call for a judgment of probability. Therefore, in prac- 
tice, the credit analyst has traditionally sought to answer the 


question: 


What is the likelihood that a borrower will perform its financial 
obligations in accordance with their terms? 


All other things being equal, the closer the probability is to 

100 percent, the less likely it is that the creditor will sustain 

a loss and, accordingly, the lower the credit risk. In the same 
manner, to the extent that the probability is below 100 percent, 
the greater the risk of loss, and the higher the credit risk. 


Credit Risk 


Credit risk and the concomitant need for the estimation of that 
risk surface in many business contexts. It emerges, for example, 
when one party performs services for another and then sends a 
bill for the services rendered for payment. It also arises in con- 
nection with the settlement of transactions—where one party 
has advanced payment to the other and awaits receipt of the 
items purchased or where one party has advanced the items 


7 R, Taggart Murphy, The Real Price of Japanese Money (London: Wei- 
denfeld & Nicolson, 1996), 49. Murphy's book was published in the 
United States as The Weight of the Yen: How Denial Imperils America’s 
Future and Ruins an Alliance (New York: W. W. Norton, 1996). Although 
Taggart’'s book is primarily concerned with the U.S.—Japan trade relation- 
ship as it evolved during the post-World War II period, Chapter 2 of the 
text, entitled “The Credit Decision,” provides an instructive sketch of 
the function of credit assessment in the commercial banking industry. 


purchased and awaits payment. Indeed, most enterprises that 
buy and sell products or services, that is practically all busi- 
nesses, incur varying degrees of credit risk. Only in respect to 
the simultaneous exchange of goods for cash can it be said that 
credit risk is essentially absent. 


While nonfinancial enterprises, particularly small merchants, can 
eliminate credit risk by engaging only in cash and carry trans- 
actions, it is common for vendors to offer credit to buyers to 
facilitate a particular sale, or merely because the same terms are 
offered by their competitors. Suppliers, for example, may offer 
trade credit to purchasers, allowing some reasonable period of 
time, say 30 days, to settle an invoice. Risks arising from trade 
credit form a transition zone between settlement risk and the 
creation of a more fundamental financial obligation. 


It is evident that as opposed to trade credit, as well as settlement 
risk that emerges during the consummation of a sale or transfer, 
fundamental financial obligation arises where sellers offer explicit 
financing terms to prospective buyers. This type of credit exten- 
sion is particularly common in connection with purchases of big 
ticket items by consumers or businesses. As an illustration, auto- 
mobile manufacturers frequently offer customers attractive finance 
terms as an incentive. Similarly, a manufacturer of electrical gen- 
erating equipment may offer financing terms to facilitate the sale 
of the machinery to a power utility company. Such credit risk is 
essentially indistinguishable from that created by a bank loan. 


In contrast to nonfinancial firms, which can choose to operate 
on a cash-only basis, banks by definition cannot avoid credit 
risk. The acceptance of credit risk is inherent to their opera- 
tion since the very raison d'être of banks is the supply of credit 
through the advance of cash and the corresponding creation 
of financial obligations. Success in banking is attained not by 
avoiding risk but by effectively selecting and managing risk. 
In order to better manage risk, it follows that banks must be 
able to estimate the credit risk to which they are exposed as 
accurately as possible. This explains why banks almost invari- 
ably have a much greater need for credit analysis than do 
nonfinancial enterprises, for which, again by definition, the 
shouldering of credit risk exposure is peripheral to their main 
business activity. 


Credit Analysis 


For purposes of practical analysis, credit risk may be defined as 
the risk of monetary loss arising from any of the following four 
circumstances: 


1. The default of a counterparty on a fundamental financial 
obligation 


2. An increased probability of default on a fundamental finan- 
cial obligation 
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CASE STUDY: PREMODERN CREDIT ANALYSIS 


The date: The last years of the nineteenth century 


The place: A small provincial bank in rural England—let us 
call the institution Wessex Bank—located in the market 
town of Westport 


Simon Brown, a manager of Wessex Bank, is contemplat- 

ing a loan to John Smith, a newly arrived merchant who has 
recently established a bicycle shop in the town’s main square. 
Smith’s business has only been established a year or so, but 
trade has been brisk, judging by the increasing number of 
two-wheelers that can be seen on Westport’s streets and in 
the surrounding countryside. 


Yesterday, Smith called on Brown at his office, and made 
an application for a loan. The merchant's accounts, Brown 
noted, showed a burgeoning business, but one in need of 
capital to fund inventory expansion, especially in prepara- 
tion for spring and summer, when prospective customers 
flock to the shop. While some of Smith's suppliers provide 
trade credit, sharply increasing demand for cycles and lim- 
ited supply have caused them to tighten their own credit 
terms. Smith projected, not entirely unreasonably, thought 
Brown, that he could increase his turnover by 30 percent 
if he could acquire more stock and promise customers 
quick delivery. 


When asked by Brown, Smith said he would be willing to 
pledge his assets, including the shop’s inventory, as collat- 
eral to secure the loan. But Brown, as befits his reputation 
as a prudent banker, remained skeptical. Those newfangled 


3. A higher than expected loss severity arising from either a 
lower than expected recovery or a higher than expected 
exposure at the time of default 


4. The default of a counterparty with respect to the pay- 
ment of funds for goods or services that have already been 
advanced (settlement risk) 


The variables most directly affecting relative credit risk include 
the following four: 


1. The capacity and willingness of the obligor (borrower, coun- 
terparty, issuer, etc.) to meet its obligations 


2. The external environment (operating conditions, country 
risk, business climate, etc.) insofar as it affects the probabil- 
ity of default, loss severity, or exposure at default 


3. The characteristics of the relevant credit instrument (prod- 
uct, facility, issue, debt security, loan, etc.) 


4. The quality and sufficiency of any credit risk mitigants (col- 
lateral, guarantees, credit enhancements, etc.) utilized 


Credit risk is also influenced by the length of time over which 
exposure exists. At the portfolio level, correlations among 


machines were, in his view, dangerous vehicles and very likely 
a passing fad. 


During the interview, Smith mentioned in passing that he was 
related on his father’s side to Squire Roberts, a prosperous 
local landowner well known to Brown and a longstanding 
customer of Wessex Bank. Just that morning, Brown had 
seen the old gentleman at the post office, and, to his sur- 
prise, Roberts struck up a conversation about the weather 
and the state of the timber trade, and mentioned that he 

had heard his nephew had called on Brown recently. Before 
Brown had time to register the news that Roberts was Smith's 
uncle, Roberts volunteered that he was willing to vouch for 
Smith's character—"a fine lad”—and, moreover, added that 
he was willing to guarantee the loan. 


Brown decided to have another look at Smith's loan applica- 
tion. Rubbing his chin, he reasoned to himself that the morn- 
ing’s news presented another situation entirely. Not only 
was Smith not the stranger he was before, but he was also a 
potentially good customer. With confirmation of his character 
from Roberts, Brown was on his way to persuading himself 
that the bank was probably adequately protected. Roberts's 
indication that he would guarantee the loan removed any 
remaining doubts. Should Smith default, the bank could hold 
the well-off Roberts liable for the obligation. Through the 
prospective substitution of Robert's creditworthiness for that 
of Smith’s the bank's credit risk was considerably reduced. 
The last twinge of anxiety having been removed, Brown 
decided to approve the loan to Smith. 


particular assets together with the level of concentration of par- 
ticular assets are the key concerns. 


Components of Credit Risk 


At the level of practical analysis, the process of credit risk evalu- 
ation can be viewed as formulating answers to a series of ques- 
tions with respect to each of these four variables. The following 
questions are intended to be suggestive of the line of inquiry 
that might be pursued. 


e What is the capacity of the obligor to service its financial 
obligations? 

e How likely will it be to fulfill that obligation through maturity? 

e What is the type of obligor and usual credit risk characteris- 
tics associated with its business niche? 


e What is the impact of the obligor's corporate structure, criti- 
cal ownership, or other relationships and policy obligations 
upon its credit profile? 
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e How do country risk (sovereign risk) and operation condi- 
tions, including systemic risk, impinge upon the credit risk to 
which the obligee is exposed? 


e What cyclical or secular changes are likely to affect the level 
of that risk? The obligation (product): What are its credit 
characteristics? 


e What are the inherent risk characteristics of that obligation? 
Aside from general legal risk in the relevant jurisdiction, is the 
obligation subject to any legal risk specific to the product? 


e What is the tenor (maturity) of the product? 


e ls the obligation secured; that is, are credit risk mitigants 
embedded in the product? 


e What priority (e.g., senior, subordinated, unsecured) is 
assigned to the creditor (obligee)? 


e How do specific covenants and terms benefit each party 
thereby increasing or decreasing the credit risk to which the 
obligee is exposed? For example, are there any call provi- 
sions allowing the obligor to repay the obligation early; 
does the obligee have any right to convert the obligation to 


another form of security? 
e What is the currency in which the obligation is denominated? 


e Is there any associated contingent/derivative risk to which 
either party is subject? 


e Are any credit risk mitigants—such as collateral—utilized in 
the existing obligation or contemplated transaction? If so, 
how do they impact credit risk? 


e If there is a secondary obligor, what is its credit risk? 


e Has an evaluation of the strength of the credit risk mitigation 
been undertaken? 


In this book, our primary focus will be on the obligor bank and 
the environment in which it operates, with consideration of the 
credit characteristics of specific financial products and accompa- 
nying credit risk mitigants relegated to a secondary position. The 
reasons are twofold. One, evaluation of the first two elements 
form the core of bank credit analysis. This is invariably undertaken 
before adjustments are made to take account of the impact of 
the credit characteristics of particular financial products or meth- 
ods used to modify those characteristics. Two, to do justice to the 
myriad of different types of financial products, not to speak of 
credit risk mitigation techniques, requires a book in itself and the 


volume of material to be covered with regard to the obligor and 
the operating environment is greater than a single volume. 


Credit Risk Mitigation 


While the foregoing query concerning the likelihood that a bor- 
rower will perform its financial obligations is simple, its simplicity 
belies the intrinsic difficulties in arriving at a satisfactory, accu- 
rate, and reliable answer. The issue is not just the underlying 
probability of default, but the degree of uncertainty associated 
with forecasting this probability. Such uncertainty has long led 
lenders to seek security in the form of collateral or guarantees, 
both to mitigate credit risk and, in practice, to circumvent the 
need to analyze it altogether. 


Collateral—Assets That Function 
to Secure a Loan 


Collateral refers to assets that are either deposited with a 
lender, conditionally assigned to the lender pending full repay- 
ment of the funds borrowed, or more generally to assets with 
respect to which the lender has the right to obtain title and 
possession in full or partial satisfaction of the corresponding 
financial obligation. Thus, the lender who receives collateral and 
complies with the applicable legal requirements becomes a 
secured creditor, possessing specified legal rights to designated 
assets in case the borrower is unable to repay its obligation with 
cash or with other current assets.® If the borrower defaults, the 
lender may be able to seize the collateral through foreclosure” 
and sell it to satisfy outstanding obligations. Both secured and 
unsecured creditors may force the delinquent borrower into 
bankruptcy. The secured creditor, however, benefits from the 
right to sell the collateral without necessarily initiating 
bankruptcy proceedings, and stands in a better position than 
unsecured creditors once such proceedings have commenced. !° 


8 There are four basic types of collateral: (1) real or personal property 
(including inventory, trade goods, and intangible property); (2) nego- 
tiable instruments (including securities); (3) other financial collateral 

(i.e., other financial assets); and (4) floating charges on business assets. 
Current assets refers to assets readily convertible to cash. These are also 
known as liquid assets. 


? Foreclosure is a legal procedure to enforce a creditor's rights with 
respect to collateral pledged by a delinquent borrower that enables the 
creditor to legally retain or to sell the collateral in full or partial satisfac- 
tion of the debt. 


'0 Bankruptcy is the legal status of being insolvent or unable to pay 
debts. Bankruptcy proceedings are legal proceedings in which a bank- 
ruptcy court or similar tribunal takes over the assets of the debtor and 
appoints a receiver or trustee to administer them. Unsecured creditors 
may also be able to initiate bankruptcy proceedings, but are less sure of 
compensation than the secured creditor. 
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It is evident that, since collateral may generally be sold on the 
default of the borrower (the obligor), it provides security to the 
lender (the obligee). The prospective loss of collateral also gives 
the obligor an incentive to repay its obligation. In this way, the 
use of collateral tends to lower the probability of default, and, 
more significantly, reduce the severity of the creditor's loss in 
the event of default, by providing the creditor with full or par- 
tial recompense for the loss that would otherwise be incurred. 
Overall, collateral tends to reduce, or mitigate, the credit risk 
to which the lender is exposed, and it is therefore classified as a 
credit risk mitigant. 


Since the amount advanced is known, and because collateral 
can normally be appraised with some degree of accuracy— 
often through reference to the market value of comparable 
goods or assets—the credit decision is considerably 
simplified. By obviating the need to consider the issues of the 
borrower's willingness and capacity, the question—What is 
the likelihood that a borrower will perform its financial 
obligations in accordance with their terms?—can be replaced 
with one more easily answered, namely: “Will the collateral 
provided by the prospective borrower be sufficient to secure 


repayment?”"! 


As Roger Hale, the author of an excellent introduction to credit 
analysis, succinctly puts it: “If a pawnbroker lends money against 
a gold watch, he does not need credit analysis. He needs 
instead to know the value of the watch.” 12 


Guarantees 


A guarantee is the promise by a third party to accept liability 
for the debts of another in the event that the primary obligor 


11 A related question is whether the legal framework is sufficiently 
robust to enable the creditor to enforce his rights against the borrower. 
Where creditors’ rights are weak or difficult to enforce, this consider- 
ation becomes part of the credit decision-making process. 


12 Roger H. Hale, Credit Analysis: A Complete Guide (New York: John 
Wiley & Son's 1983, 1989). The traditional reliance on collateral has 
given rise to the term “pawnshop mentality” to refer to bankers who 
are incapable or unwilling to perform credit analysis of their custom- 
ers and lend primarily on the value of collateral pledged. See for 
example Szu-yin Ho and Jih-chu Lee, The Political Economy of Local 
Banking in Taiwan (Taipei, Taiwan: NPF Research Report, National 
Policy Foundation, December 10, 2001). “Because of the pawnshop 
mentality and practices in banking institutions, the SMEs are not 
considered good customers for loans,” http://old.npf.org.tw/english/ 
Publication/FM/FM-R-090-069.htm. SME is an acronym for small- and 
medium-size enterprise. Murphy, referring to banking practice in 
Japan in the 1980s, observed that “Japanese banks rarely extend 
domestic loans of any but the shortest maturity without collateral” 
(Real Price, 49). 


defaults, and is another kind of credit risk mitigant. Unlike col- 
lateral, the use of a guarantee does not eliminate the need for 
credit analysis, but simplifies it by making the guarantor instead 
of the borrower the object of scrutiny. 


Typically, the guarantor will be an entity that either possesses 
greater creditworthiness than the primary obligor, or has a com- 
parable level of creditworthiness but is easier to analyze. Often, 
there will be some relationship between the guarantor and the 
party on whose behalf the guarantee is provided. For example, 
a father may guarantee a finance company’s loan to his son’? for 
the purchase of a car. Likewise, a parent company may guaran- 
tee a subsidiary’s loan from a bank to fund the purchase of new 
premises. 


Where a guarantee is provided, the questions posed with 
reference to the prospective borrower must be asked again 
in respect of the prospective guarantor: “Will the prospective 
guarantor be both willing to repay the obligation and have 
the capacity to repay it?” These questions are summarized in 
Table 1.1. 


Significance of Credit Risk Mitigants 


In view of the benefits of using collateral and guarantees to 
avoid the sometimes thorny task of performing an effective 
financial analysis, '* banks and other institutional lenders 
traditionally have placed primary emphasis on these credit risk 
mitigants, and other comparable mechanisms such as joint and 
several liability’? when allocating credit.1 For this reason, 
secured lending, which refers to the use of credit risk mitigants 
to secure a financial obligation as discussed, remains a favored 
method of providing financing. 


'3 Typically, in this situation, the loan would be advanced by an auto 
manufacturer's finance subsidiary. 


14 Financial analysis is the process of arriving at conclusions concerning 
an entity's financial condition or performance through the examination 
of its financial statements, such as its balance sheet and income state- 
ment. Financial analysis encompasses a wide range of activities that may 
be employed for internal management purposes (e.g., to determine 
which business lines are most profitable) or for external evaluation pur- 
poses (e.g., equity or credit analysis). 


15 Joint and several liability is a legal concept under which each of the 
parties to an obligation is liable to the full extent of the amount out- 
standing. In other words, where there are multiple obligors, the obligee 
(creditor) is entitled to demand full repayment of the entire outstanding 
obligation from any and all of the obligors (borrowers). 


16 As well as having an impact on whether to advance funds, the use of 
collateral, guarantees, and other credit risk mitigants may also serve to 
increase the amount of funds the lender is willing to put at risk. 
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COLLATERAL AND OTHER CREDIT RISK MITIGANTS 


Credit risk mitigants are devices such as collateral, pledges, 
insurance, or guarantees that may be used to reduce the 
credit risk exposure to which a lender or creditor would 
otherwise be subject. The purpose of credit risk mitigants is 
partially or totally to ameliorate a borrower's lack of intrinsic 
creditworthiness and thereby reduce the credit risk to the 
lender, or to justify advancing a larger sum than otherwise 
would be contemplated. For instance, a lender may require 
a guarantee where the borrower is comparatively new or 
lacks detailed financial statements but the guarantor is a 
well-established enterprise rated by the major external agen- 
cies. In the past, these mechanisms were frequently used 

to reduce or eliminate the need for the credit analysis of a 
prospective borrower by substituting conservatively valued 
collateral or the creditworthiness of an acceptable guarantor 
for the primary borrower. 


LE) Key Credit Questions 


In modern financial markets, collateral and guarantees, 
rather than being substitutes for inadequate stand-alone 
creditworthiness, may actually be a requisite and integral ele- 
ment of the contemplated transaction. Their essential func- 
tion is unchanged, but instead of remedying a deficiency, 
they are used to increase creditworthiness to give the trans- 
action certain predetermined credit characteristics. In these 
circumstances, rather than eliminating the need for credit 
analysis, consideration of credit risk mitigants supplements, 
and sometimes complicates it. Real-life credit analysis conse- 
quently requires an integrated approach to the credit deci- 
sion, and typically requires some degree of analysis of both 
the primary borrower and of the impact of any applicable 
credit risk mitigants. 


Willingness to pay 


Capacity to pay 


Collateral 


Guarantees 


Primary Subject of Analysis 
(e.g., borrower) 


Secondary Subject of Analysis 
(Credit risk mitigants) 


Will the prospective borrower be 
willing to repay the funds? 


Will the prospective borrower be 
able to repay the funds? 


Will the collateral provided by 
the prospective borrower or 
the guarantees given by a third 
party be sufficient to secure 
repayment? 


Will the prospective guarantor 
be willing to repay the obligation 
as well as have the capacity to 
repay it? 


What is the likelihood that 

a borrower will perform 

its financial obligations in 
accordance with their terms? 


What is the likelihood that the 
collateral provided by the 
prospective borrower or the 
guarantees given by a third 
party will be sufficient to secure 
repayment? 


What is the likelihood that the 
prospective guarantor will be 

willing to repay the obligation 
as well as have the capacity to 
repay it? 


In countries where financial disclosure is poor or the requisite have also grown increasingly popular. In these markets, however, 


analytical skills are lacking, credit risk mitigants circumvent some the use of credit risk mitigants is often driven by the desire to 


of the difficulties involved in performing an effective credit eval- facilitate investment transactions or to structure credit risks 


uation. In developed markets, more sophisticated approaches to meet the needs of the parties to the transaction rather 


to secured lending such as repo finance and securities lending'’ than to avoid the process of credit analysis. 


SS With the evolution of financial systems, credit analysis has 
17 Repo finance refers to the use of repurchase agreements and reverse 


repurchase agreements to facilitate mainly short-term collateralized bor- 
rowings and advances. Securities lending transactions are similar to repo 
transactions. 


become increasingly important and more refined. For the 
moment, though, our focus is upon credit evaluation in its more 
basic and customary form. 
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1.2 WILLINGNESS TO PAY 


Willingness to pay is, of course, a subjective attribute that can be 


ascertained to a degree from the borrower's reputation and appar- 


| 18 


ent character. Assuming free will, ° it is also essentially unknowable 


in advance, even perhaps to the borrower. From the perspective of 
the lender or credit analyst, the evaluation is therefore necessarily 
a qualitative one that takes into account information gleaned from 


a variety of sources, including, where possible, face-to-face meet- 


ings that are a customary part of the process of due diligence.'” 


The old-fashioned provincial banker who was familiar with local busi- 
ness conditions and prospective borrowers, like the fictional charac- 
ter described earlier, had less need for formal credit analysis. Instead, 
the intuitive judgment that came from an in-depth knowledge of a 
community and its members was an invaluable attribute in the bank- 
ing industry. The traditional banker knew with whom he was dealing 
(or thought he did), either locally with his customers or at a distance 
with correspondent banks” that he trusted. Walter Bagehot, the 


nineteenth-century British economic commentator put it well: 


A banker who lives in the district, who has always lived 
there, whose whole mind is a history of the district and 
its changes, is easily able to lend money there. But a 
manager deputed by a central establishment does so 
with difficulty. The worst people will come to him and 


18 Free will has been defined as the power of making choices uncon- 
strained by external agencies, wordnetweb.princeton.edu/perl/webwn. 
If so defined—that is, meaning having the freedom to choose a course 
of action in the moment—it is by definition not predetermined, and 
therefore the actions of an entity having free will cannot be 100 per- 
cent predictable. This is not to say, however, that predictive—if not 
determinative—factors cannot be identified, and that the probability of 
various scenarios unfolding cannot be estimated, especially when the 
number of transactions involved is large. Indeed, much of credit risk 
evaluation is underpinned by implicit or explicit statistical expectations 
based on the occurrence of a large number of transactions. 


1? Due diligence means the review of accounts, documentation, and 
related written materials, together with interviews with an entity's principals 
and key personnel, for the purpose of supporting a professional assess- 
ment concerning the entity. A due diligence investigation is typically per- 
formed in connection with a prospective transaction. So a law firm would 
likely perform a due diligence investigation before rendering of a legal 
opinion concerning an anticipated transaction. So, too, will a rating agency 
undertake a due diligence review before assigning a rating to an issuer. 


20 A correspondent bank is a bank that has a relationship with a foreign 
banking institution for which it performs services in the correspondent 
bank's home market. Since few, if any banks, can feasibly maintain 
branches in all countries of the world, correspondent banking relation- 
ships enable institutions without branches or offices in a given jurisdic- 
tion to act on a global basis on behalf of such institutions’ clients. Typical 
services provided by a correspondent bank for a foreign institution 
include check clearing, funds transfers, and the settlement of transac- 
tions, acting as a deposit or collection agent for the foreign bank, and 
participating in documentary letter of credit transactions. 


ask for loans. His ignorance is a mark for all the shrewd 
and crafty people thereabouts." 


In general, modern credit analysis still takes account of willing- 
ness to pay, and in doing so maintains an unbroken link with its 
past. It is still up to one or more individuals to decide whether 

to extend or to repay a debt, and manuals on banking and 


credit analysis as a rule make some mention of the importance 


of taking account of a prospective borrower's character.” 


Indicators of Willingness 


Willingness to pay, though real, is difficult to assess. Ultimately, 
judgments about this attribute, and the criteria on which they 
are based, are highly subjective in nature. 


Character and Reputation 


First-hand awareness of a prospective borrower's character 
affords at least a stepping-stone on which to base a credit 
decision. Where direct familiarity is lacking, a sense of the bor- 
rower's reputation provides an alternative footing upon which to 
ascertain the obligor’s disposition to make good on a promise. 
Reliance on reputation can be perilous, however, since a depen- 
dence upon second-hand information can easily descend into 
so-called name lending.*3 Name lending can be defined as the 
practice of lending to customers based on their perceived sta- 
tus within the business community instead of on the basis of facts 


1 Lombard Street, note 2 supra, quoted in Martin Mayer, The Bankers: 
The Next Generation (Penguin, 1996), 10. The quotation comes from 
Chapter 3 of the book, entitled “How Lombard Street Came to Exist, 
and Why It Assumed Its Present Form,” and the passage discusses the 
evolution of commercial banks from institutions reliant on note-issuance 
to those dependent upon the acceptance of deposits. Note that a lead- 
ing text book on bank management also pays homage to the axiom that 
bankers understand their own geographic franchise best and “are more 
apt to misjudge the quality of loans originating outside [it]. . . . [and] 
loan officers will be less alert to the economic deterioration of communi- 
ties outside their trade areas.” George H. Hempel, Donald G. Simonson, 
and A. Coleman, Bank Management: Text and Cases, 4th ed. (hereafter 
Bank Management) (New York: John Wiley & Sons, 1994), 377. 


22 For example, Bank Management, note 21 supra, observes that there 

is a consensus among bankers that “the paramount factor in a successful 
loan is the honesty and goodwill of the borrower,” and rates a borrower's 
character as one of the four fundamental credit criteria to be considered, 
together with the purpose of the funds, and the primary and secondary 
sources of loan repayment. In a specialist book focused on emerging mar- 
kets, character is one of five “Cs” of credit, along with capacity, capital, col- 
lateral, and conditions. Waymond A. Grier, The Asiamoney Guide to Credit 
Analysis in Emerging Markets (Hong Kong: Asia Law & Practice, 1995), 11. 


23 Ironically, name lending is also called “character lending.” Distinct from this 
phenomenon is related-party lending, which means advancing funds to a fam- 
ily member of a bank owner or officer, or to another with whom the owner 

or officer has a personal or business relationship separate from those arising 
from his or her capacity as a shareholder or as an employee of the bank. 
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and sound conclusions derived from a rigorous analysis of the 
prospective borrowers’ actual capacity to service additional debt. 


Credit Record 


Although far more data is available today than a century ago, 
assessing a borrower's integrity and commitment to perform an 
obligation still requires making unverifiable, even intuitive, judg- 
ments. Rather than put a foot wrong into a miasma of impon- 
derables, creditors have long taken a degree of comfort not 
only in collateral and guarantees, but also in a borrower's verifi- 
able history of meeting its obligations. 


As compared with the prospective borrower who remains an 
unknown quantity, a track record of borrowing funds and repaying 
them suggests that the same pattern of repayment will continue in 
the future.*4 If available, a borrower's payment record, provided 
for example through a credit bureau, can be an invaluable resource 
for a creditor. Of course, while the past provides some reassurance 


of future willingness to pay, here as elsewhere, it cannot be extrap- 


olated into the future with certainty in any individual case.”° 


Creditors’ Rights and the Legal System 


While the ability to make the requisite intuitive judgments 
concerning willingness to pay probably comes more easily to 
some than to others, and no doubt may be honed with experi- 
ence, perhaps fortunately it has become less important in the 
credit decision-making process.*° The concept of a moral 


24 It should be borne in mind that whether relying on first-hand knowl- 
edge, reputation, or the borrower's credit history, the analytical distinc- 
tion between willingness to pay and capacity to pay is easily blurred. In 
discussing character, Bank Management distinguishes among fraudulent 
intent, moral failings, and other deficiencies, such as lack of intelligence 
or management skills, some of which might just as easily come under 
the heading of management assessment. Ultimately, the creditor is only 
concerned whether the borrower is good for the funds “entrusted” to 
him, and as a practical matter there is little to be gained for this purpose 
in attempting to parse between how much this belief rests on willing- 
ness to pay and how much it rests upon capacity to pay. 


25 Where, however, there exist a large number of recorded transactions, 
stronger correlations may be drawn between the borrower's track record 
and future behavior, allowing the probability of default to be better pre- 
dicted. This, of course, increases a bank’s ability to manage risk, as compared 
with other entities that engage in comparatively few credit transactions and 
provides banks with an essential competitive advantage in this regard. 


26 The value of such experience comes not only from the bank offi- 

cer's having reviewed a greater variety of credit exposures, but also 
from having gone through an entire business cycle and seen each of 

its phases and corresponding conditions. As with the credit analysis of 
large corporate entities, in the credit analysis of (rather than by) financial 
institutions, the criterion of character tends to be given somewhat less 
emphasis than is the case in respect to individuals and small businesses. 
As various financial scandals have shown, however, this reduced empha- 
sis on character is not necessarily justified. 


obligation?” to repay a debt—which perhaps in the past argu- 
ably bolstered the will of the faltering borrower to perform his 
obligation in full—has been to a large extent displaced in con- 
temporary commerce by legal rather than ethical norms. 


It is logical to rank capacity to pay as more important than will- 
ingness, since willingness alone is of little value where capacity is 
absent. Capacity without willingness, however, can be overcome 
to a large degree through an effective legal system.2® The stron- 
ger and more effectual the legal infrastructure, the better able a 
creditor is to enforce a judgment against a borrower.2” Prompt 
court decisions backed by the threat of the seizure of posses- 
sions or other means through the arm of the state will tend to 
predispose the nonperforming debtor to fulfill its obligations. 

A borrower who can pay but will not, is only able to maintain 
such a position in a legal regime that is ineffective or corrupt, or 
very strongly favors debtors over creditors. 


So as legal systems have developed—along with the evolution 
of financial analytical techniques and data collection and distri- 
bution systems—the attribute of willingness to repay has been 
increasingly overshadowed in importance by the attribute of 
capacity to repay. It follows that the more a legal system exhib- 
its creditor-friendly characteristics—combined with the other 
critical attributes of integrity, efficiency, and judges’ understand- 
ing of commercial requirements—the less the lender needs 

to rely upon the borrower's willingness to pay, and the more 
important the capacity to repay becomes. The development of 


27 The term moral obligation is used here to distinguish it from a legally 
enforceable obligation. A legal obligation may also represent a moral 
obligation, but a moral obligation does not necessarily give rise to a 
legal one. 


28 While full recovery may nonetheless still be impossible, depending 
upon the borrower's access to funds and the worth of the collateral 
securing the loan, partial recovery is generally more likely when credi- 
tors’ rights are strong. The effectiveness of a legal system encompasses 
many facets, including the cost and time required to obtain legal 
redress, the consistency and fairness of legal decisions, and the ability 
to enforce judicial decisions rendered. It may be added that the devel- 
opment of local credit reporting systems also may affect a borrower's 
willingness to fulfill financial obligations since a borrower may wish to 
avoid the detrimental effects associated with being tagged as a less 
than prime credit. 


2? In this chapter, the terms and phrases such as legal efficiency and 
quality of the legal infrastructure are used more or less synonymously 
to refer to the ability of a legal system to enforce property rights and 
creditors’ rights fairly and reliably, as well as in a reasonably timely and 
cost-effective manner. In a scholarly context, these terms are also used 
to refer to the ability of legal institutions to reduce “idiosyncratic risk” 
to entrepreneurs and to prevent the exploitation of outside investors 
from insiders by protecting their property rights in respect of invested 
funds. See for example Luc Laeven, “The Quality of the Legal System, 
Firm Ownership, and Firm Size,” presentation at the Stanford Center for 
International Development, Stanford University, Palo Alto, California, 
November 11, 2004. 
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CREDIT ANALYSIS IN EMERGING MARKETS: THE IMPORTANCE 


OF THE LEGAL SYSTEM 


Weak legal and regulatory infrastructure and concomitant 
doubts concerning the fair and timely enforcement of credi- 
tors’ rights mean that credit analysis in so-called emerging 
markets’? is often more subjective than in developed mar- 
kets. Due consideration must be given in these jurisdictions 
not only to a prospective borrower's willingness to pay, but 
equally to the quality of the legal system. Since, as a practi- 
cal matter, willingness to pay is inextricably linked to the 
variables that may affect the lender's ability to coerce pay- 
ment through legal redress, it is useful to consider, as part 
of the analytical process, the overall effectiveness and cred- 
itor-friendliness of a country’s legal infrastructure. Like the 
evaluation of an individual borrower's willingness to pay, an 
evaluation of the quality of a legal system and the strength of 
a creditor's rights is a highly qualitative endeavor. 


capable legal systems has therefore increased the importance of 
financial analysis and as a prerequisite to it, financial disclosure. 


Overall, the evolution of more robust and efficient legal systems 


has provided a net benefit to creditors.?! 


Willingness to pay, however, remains a more critical criterion in 
less-developed markets, where the quality of the legal frame- 
work may be lacking. In these instances, the efficacy of the legal 


30 Coined in 1981 by Antoine W. van Agtmael, an employee of the Inter- 
national Finance Corporation, an affiliate of the World Bank, the term 
emerging market is broadly synonymous with the terms less-developed 
country (LDC) or developing country, but generally has a more posi- 
tive connotation suggesting that the country is taking steps to reform 
its economy and increase growth with aspirations of joining the world's 
developed nations (i.e., those characterized by high levels of per capita 
income among various relevant indicia). Leading emerging markets at 
present include, among others, the following countries: China, India, 
Malaysia, Indonesia, Turkey, Mexico, Brazil, Chile, Thailand, Russia, 
Poland, the Czech Republic, Egypt, and South Africa. Somewhat more 
developed countries, such as South Korea, are sometimes referred to as 
NICs, or newly industrialized countries. Somewhat less-developed coun- 
tries are sometimes referred to anecdotally as subemerging markets, a 
term that is somewhat pejorative in character. 


31 It is apparent that there is almost always a risk that a credit transaction 
favoring the creditor may not be enforced. This risk is often subsumed 
under the broader rubric of legal risk. Legal risk may be defined gener- 
ally as a category of operational risk or event risk that may arise from a 
variety of causes, which insofar as it affects credit risk becomes a proper 
concern of the credit analyst. Types of legal risk include (1) an adverse 
change in law or regulation; (2) the risk of being a defendant in time- 
consuming or costly litigation; (3) the risk of an arbitrary, discriminatory, 
or unexpected adverse legal or regulatory decision; (4) the risk that the 
bank's rights as creditor will not be effectively enforced; (5) the risk of 
ineffective bank supervision; or (6) the risk of penalties or adverse con- 
sequences incurred as a result of inadvertent errors in documentation. 
Note that these subcategories are not necessarily discrete, and may 
overlap with each other or with other risk classifications. 


Despite the not inconspicuous inadequacies in the legal 
frameworks of the countries in which they extend credit, 
bankers during periods of economic expansion have time and 
again paid insufficient attention to prospective problems they 
might confront when a boom turns to bust. Banks have faced 
criticism for placing an undue reliance upon expectations of 
government support or, where the government itself is vulner- 
able to difficulties, upon the International Monetary Fund 
(IMF). Believing that the IMF would stand ready to provide aid 
to the governments concerned and thereby indirectly to the 
borrowers and to their creditors, it has been asserted that 
banks have engaged in imprudent lending. Insofar as such 
reliance has occurred, it has arguably been accompanied by a 
degree of obliviousness on the part of creditors to the difficul- 
ties involved in enforcing their rights through legal action.3? 


system in protecting creditors’ rights also emerges as an impor- 
tant criterion in the analytical process.?3 


While the quality of a country's legal system is a real and signifi- 
cant attribute, measuring it is no simple task. Traditionally, sover- 
eign risk ratings functioned as a proxy for, among other things, the 
legal risk associated with particular geographic markets. Countries 
with low sovereign ratings were often implicitly assumed to be 
subject to a greater degree of legal risk, and vice versa. 


In the past 15 years, however, surveys have been conducted in 
an attempt systematically to grade, if not measure, compara- 
tive legal risk. Although by and large these studies have been 
initiated for purposes other than credit analysis—to assess a 
country’s investment climate, for instance—they would seem to 
have some application to the evaluation of credit risk. Table 1.2 
shows the scores under such an index of rule of law. Some banks 


32 This is an illustration of the problem of moral hazard. 


33 Regrettably for lenders in emerging markets, effective protection of 
creditors’ rights is not the norm. As was seen in the aftermath of the Asian 
financial crisis during 1997-1998, the legal systems in some countries were 
demonstrably lacking in this regard. Reforms that have been implemented, 
such as the revised bankruptcy law enacted in Thailand in 1999, have gone 
some distance toward remedying these deficiencies. The efficacy of new 
statutes is, however, dependent upon a host of factors, including the atti- 
tudes, expertise, and experience of all participants in the judicial process. 
In Thailand and Indonesia, as well as in other comparable jurisdictions 
where legal reforms have been implemented, it can be expected that it 
will take some years before changes are thoroughly manifested at the day- 
to-day level. Similarly, the debt moratorium and emergency laws enacted 
in Argentina in 2001 and 2002 curtailed creditors’ rights in a substantial 
way. Incidentally, in June 2010 in Iceland, not exactly an emerging market, 
the Supreme Court ruled that some loans indexed to foreign currency 
rates were illegal, shifting the currency losses from borrowers to lenders. 
Similar decisions may yet be taken in Hungary or in Greece. 
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IE CAA Rule of Law Index: Selected Countries 2010 


Country Score 
Finland 
Sweden 
Norway 
Denmark 
New Zealand 
Luxembourg 
Netherlands 
Austria 
Canada 
Switzerland 
Australia 
EEE 
reland 
Greenland 
Singapore 
Iceland 
Germany 
Liechtenstein 
United States 
Hong Kong SAR, China 
France 
Malta 
Anguilla 
Aruba 
Belgium 
Japan 
Chile 
Andorra 
Spain 
Cyprus 
Palau 
Uruguay 
St. Kitts and Nevis 
Macao SAR, China 
Dominica p06 
Poland Ps 


Score 

1.18 
1.16 
1.16 
1.16 
1.15 
1.04 
1.04 
1.02 
1.02 
1.01 
0.99 
0.98 
0.95 
0.90 
0.90 
0.89 
0.89 
0.89 
0.89 
0.89 
0.88 
0.87 
0.86 
0.84 
0.82 
0.82 
0.80 
0.78 
0.77 
0.76 
0.07 
0.05 
0.02 
0.00 
-0.02 
-0.06 


Chapter 1 The Credit Decision E 11 


IEL CEFA Continued 


Country 


Bahamas 
Oman 
Botswana 
Samoa 
Greece 
Slovakia 
Kuwait 
Malaysia 
Costa Rica 
Bahrain 
Cape Verde 
Nauru 
United Arab Emirates 
Italy 
Vanuatu 
Namibia 
Jordan 
Croatia 
Saudi Arabia 
Grenada 
Tunisia 
Bhutan 
Turkey 
South Africa 
Tonga 
Uganda 
Senegal 
Mongolia 
Albania 
Mali 
Armenia 
Guyana 
Vietnam 
Zambia 
Swaziland 


Jamaica 


Country 


0.68 
0.67 


Ghana 
Micronesia 
Bulgaria 
0.65 Sri Lanka 
0.62 
0.58 
0.54 
0.51 
0.50 
0.45 
0.42 
0.41 
0.39 
0.38 
0.25 
0.23 
0.22 
0.19 
0.16 
0.11 
0.11 
0.11 
0.10 
0.10 


Suriname 

Egypt 

Panama 

Malawi 

Morocco 

Thailand 

West Bank Gaza 
Georgia 

Burkina Faso 
Trinidad and Tobago 
Marshall Islands 
Macedonia 

Lesotho 

Rwanda 

Maldives 

Colombia 

China 
Bosnia—Herzegovina 
Belize 

Serbia 

Moldova 

—0.40 
—0.41 
—0.43 
—0.44 
—0.46 
—0.47 
—0.48 
—0.48 
—0.49 
=0.50 
—0.50 


Ethiopia 

Algeria 

Bangladesh 

Russia 

Pakistan 

Ukraine 

Dominican Republic 
Nicaragua 
Madagascar 
Honduras 


El Salvador 
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Score 


—0.07 
—0.08 
—0.08 
OO? 
O09 
—0.11 
0515 
—0.14 
=OA9 
—0.20 
—0.20 
—0.21 
—0.21 
—0.22 
—0.27 
—0)29 
=0.30 
7031 
z033 
=0 33 
039 
—0.36 
—0.36 
=0.39 
—0.40 
—0.76 
—0.76 
=O 
—0.78 
=O 
—0.80 
—0.81 
—0.83 
—0.84 
Sey) 
=0.67 


Country 


Mozambique 

Tanzania 

Gambia 

Gabon 

Syria 

Philippines 

Cuba 

Mexico 

Niger 

Argentina 

Peru 

Kazakhstan 

Indonesia 

Kosovo 

Lebanon 

Sao Tome and Principe 

Solomon Islands 

Djibouti 

Niue 

Benin 

Cambodia 

Congo 

Ecuador 

Tajikistan 

Nigeria 

Timor-Leste 

Burundi 

Cote d'lvoire 

Angola 

Equatorial Guinea 

Eritrea 

Kyrgyzstan 

Korea, North 

Central African Republic 
Source: World Bank. 


Country 


—0.50 
= 05 
70.51 
— 0h 
—0.54 
—0.54 
7055 
—0.56 
= 057 
—0.58 
—0.61 
—0.62 
—0.63 
—0.64 


Mauritania 
Azerbaijan 

Laos 

Cook Islands 

Iran 

Fiji 

Paraguay 

Togo 

Papua New Guinea 
Sierra Leone 

Libya 

Liberia 

Kenya 

Nepal 

Guatemala 
Cameroon 

—0.70 
OTA 
—0.72 
=073 
= 
=e, 
T 
—1.20 
T21 
=] Z1 
=A 
=I] 22 
—1.24 
i26 
2 
=1.29 
=1.30 
z0 


Belarus 

Yemen 
Comoros 
Bolivia 

Sudan 
Guinea-Bissau 
Haiti 
Uzbekistan 
Turkmenistan 
Chad 
Myanmar 
Guinea 
Congo, Democratic Republic 
Iraq 

Venezuela 
Zimbabwe 


Afghanistan 


Somalia 
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Score 


—0.88 
—0.88 
—0.90 
—0.90 
(0,70) 
—0.90 
SO 
70.92 
0S 
—0.94 
—0.98 
=| (0 
= (0H 
=102 
—1.04 
—1.04 
—1.05 
= 05 
=1 0s 
—1.06 
=1.32 
KSS 
Shee 
A37 
—1.46 
(510) 
150 
STS 
—1.61 
=| or 
—1.64 
—1.80 
z920 
—2.43 


have used one or more similar surveys, sometimes together with 
other criteria, to generate internal creditors’ rights ratings for 
the jurisdictions in which they operate or in which they contem- 
plate credit exposure. 


It is almost invariably the case that the costs of legal services are 
an important variable to be considered in any decision regard- 
ing the recovery of money owed. A robust legal system is not 
necessarily a cost-effective one, since the expenses required to 
enforce a creditor's rights are rarely insignificant. While a modi- 
cum of efficiency may exist, the costs of legal actions, including 
the time spent pursuing them, may well exceed the benefits. It 
therefore may not pay to take legal action against a delinquent 
borrower. This is particularly the case for comparatively small 
advances. As a result, even where creditors’ rights are strictly 
enforced, willingness to pay ought never to be entirely ignored 
as an element of credit analysis. 


1.3 EVALUATING THE CAPACITY 
TO REPAY: SCIENCE OR ART? 


Compared with willingness to pay, the evaluation of capacity to 
pay lends itself more readily to quantitative measurement. So 
the application of financial analysis will generally go far in reveal- 
ing whether the borrower will have the ability to fulfill outstand- 
ing obligations as they come due. Evaluating the capability of an 
entity to perform its financial obligations through a close exami- 
nation of numerical data derived from its most recent and past 
financial statements forms the core of credit analysis. 


The Limitations of Quantitative Methods 


While an essential element of credit evaluation, the use of finan- 
cial analysis for this purpose is subject to serious limitations. 
These include: 


e The historical character of financial data. 


e The difficulty of making reasonably accurate financial projec- 
tions based upon such data. 


e The inevitable gap between financial reporting and financial 
reality. 


Historical Character of Financial Data 


The first and most obvious limitation is that financial statements 
are invariably historical in scope, covering as they do past fiscal 
reporting periods, and are therefore never entirely up to date. 
Because the past cannot be extrapolated into the future with any 
certainty, except perhaps in cases of clear insolvency and illiquid- 
ity, the estimation of capacity remains just that: an estimate. 


Even if financial reports are comparatively recent, or forward 
looking, the preceding difficulty is not surmounted. Accurate 
financial forecasting is notoriously problematic, and, no matter 
how sophisticated, financial projections are highly vulnerable to 
errors and distortion. Small differences at the outset can engen- 


der an enormous range of values over time. 


Financial Reporting Is Not Financial 
Reality 


Perhaps the most significant limitation arises from the fact that 
financial reporting is an inevitably imperfect attempt to map an 
underlying economic reality into a usable but highly abbreviated 
condensed report. As with attempts to map a large spherical 
surface onto a flat projection, some degree of deformation is 
unavoidable, while the very process of distilling raw data into 

a work product small enough to be usable requires that some 
data be selected and other data be omitted. In short, not only 
do financial statements intrinsically suffer from some degree of 
distortion and omission, these deficiencies are also apt to be 
aggravated in practice. 


First, the rules of financial accounting and reporting are shaped 
by people and institutions having differing perspectives and 
interests. Influences resulting from that divergence are apt to 
aggravate these innate deficiencies. The rules themselves are 
almost always the product of compromises by committee that 
are, at heart, political in nature. 


Second, the difficulty of making rules to cover every conceiv- 
able situation means that, in practice, companies are frequently 
afforded a great deal of discretion in determining how various 
accounting items are treated. At best, such leeway may only 
potentially result in inaccurate comparisons; at worst, this neces- 
sary flexibility in interpretation and classification may be used to 
further deception or fraud. 


Finally, even the most accurate financial statements must be 
interpreted. In this context too, differing vantage points, experi- 
ence, and analytical skill levels may result in a range of conclu- 
sions from the same data. For all these reasons, it should be 
apparent that even the seemingly objective evaluation of financial 
capacity retains a significant qualitative, and therefore subjective, 
component. While acknowledging both its limitations and subjec- 
tive element, financial analysis remains at the core of effective 
credit analysis. The associated techniques serve as essential and 
invaluable tools for drawing conclusions about a company’s cred- 
itworthiness, and the credit risk associated with its obligations. 


It is, nevertheless, crucial not to place too much faith in the 
quantitative methods of financial analysis in credit risk assess- 
ment, nor to believe that quantitative data or conclusions drawn 
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from such data necessarily represent an objective truth. No 
matter how sophisticated, when applied for the purpose of the 
evaluation of credit risk, these techniques must remain imperfect 
tools that seek to predict an unknowable future. 


Quantitative and Qualitative Elements 


Given these shortcomings, the softer more qualitative aspects of 
the analytical process should not be given short shrift. Notably, 
an evaluation of management—including its competence, moti- 
vation, and incentives—as well as the plausibility and coherence 
of its strategy remains an important element of credit analysis of 
both nonfinancial and financial companies.*4 Indeed, as sug- 
gested in the previous subsection, not only is credit analysis 
both qualitative and quantitative in nature, but nearly all of its 
nominally quantitative aspects also have a significant qualitative 
element. 


While evaluation of willingness to pay and assessment of man- 
agement competence obviously involve subjective judgments, 
so too, to a larger degree than is often recognized, do the pre- 
sentation and analysis of a firm’s financial results. Credit analysis 
is as much art as it is science, and its successful application relies 
as much on judgment as it does on mathematics. The best credit 
analysis is a synthesis of quantitative measures and qualitative 
judgments. For reasons that will soon become apparent, this is 
particularly so in regard to financial institution credit analysis. 


QUANTITATIVE METHODS IN CREDIT 
ANALYSIS 


These remain imperfect tools that aim to predict an 
unknowable future. Nearly all of the nominally quantitative 
techniques also have a significant qualitative element. To 
reach optimal effectiveness, credit analysis must therefore 
combine the effective use of quantitative tools with sound 
qualitative judgments. 


Credit Analysis versus Credit Risk 
Modeling 


At this stage, it should be noted that there is an important dis- 
tinction to be drawn between credit risk analysis, on the one 
hand, and credit risk modeling and credit risk management, 
on the other. The process of performing a counterparty credit 


34 The term financial company is used here to contrast financial interme- 
diaries with nonfinancial enterprises. Not to be confused with the term 
finance company, financial company refers to banks as well as to non- 
bank financial intermediaries, abbreviated NBFls. 


analysis is quite different from that involved in modeling bank 
credit risk or in managing credit risk at the enterprise level. Con- 
sider, for example, the concept of rating migration risk. 


Rating migration risk, while an important factor in modeling and 
evaluating portfolios of debt securities, is not, however, of con- 
cern to the credit analyst performing an evaluation of the kind 
upon which its rating has been based. It is important to recog- 
nize this distinction and to emphasize that the aim of the credit 
analyst is not to model credit risk, but instead to perform the 
evaluation that provides one of the requisite inputs to credit risk 
models. Needless to say, it is also one of the requisite inputs to 
the overall risk management of a banking organization. 


1.4 CATEGORIES OF CREDIT 
ANALYSIS 


Until now, we have been looking at the credit decision gen- 
erally, without reference to the category of borrower. While 
capacity means having access to the necessary funds to repay a 
given financial obligation, in practice the evaluation of capacity 
is undertaken with a view to both the type of borrower and the 
nature of the financial obligation contemplated. Here the focus 
is on the category of borrower. 


Very broadly speaking, credit analysis can be divided into four 
areas according to borrower type. The four principal categories 
of borrowers are consumers, nonfinancial companies (corpo- 
rates), financial companies—of which the most common are 
banks—and government and government-related entities. The 
four corresponding areas of credit analysis are listed together 
with a brief description: 


1. Consumer credit analysis is the evaluation of the creditwor- 
thiness of individual consumers. 


2. Corporate credit analysis is the evaluation of nonfinancial 
companies, such as manufacturers, and nonfinancial service 
providers. 


y 


Financial institution credit analysis is the evaluation of 
financial companies including banks and nonbank financial 
institutions (NBFIs), such as insurance companies and invest- 
ment funds. 


4. Sovereign/municipal credit analysis is the evaluation of 
the credit risk associated with the financial obligations of 
nations, subnational governments, and public authorities, as 
well as the impact of such risks on obligations of nonstate 
entities operating in specific jurisdictions. 


While each of these areas of credit assessment shares similari- 
ties, there are also significant differences. To analogize to the 
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RATING MIGRATION RISK 


Credit risk is defined as the risk of loss arising from 
default. Of all the credit analyst roles, rating agency ana- 
lysts probably adhere most closely to that definition in 
performing their work. Rating agencies are in the finan- 
cial information business. They do not trade in financial 
assets. The function of rating analysts is therefore purely 
to evaluate, through the assignment of rating grades, 

the relative credit risk of subject exposures. Traditionally, 
agency ratings assigned to a given issuer represent, in the 
aggregate, some combination of probability of default and 
loss-given-default. 


However, the fixed income analyst and, on occasion, the 
counterparty credit analyst, may be concerned with a 
superficially different form of credit risk that, ironically, 
can be attributed in part to the rating agencies them- 
selves. The fixed income analyst, especially, is worried 
not only about the expected loss arising from default, but 
also about the risk that a company’s bonds, or other debt 
instruments, may be downgraded by an external rating 
agency. Although rating agencies ostensibly merely pro- 
vide an opinion as to the degree of default risk, the very 
act of providing such assessments tends to have an impact 
on the market. 


For example, the downgrade of an issuer's bond rating by 
one or more external agencies will often result in those 
bonds having a lower value in the market, even though the 
actual financial condition of the company and the risk of 
default may not have altered between the day before the 
downgrade was announced and the day after. For this rea- 
son, this type of credit risk is sometimes distinguished from 
the credit risk engendered by the possibility of default. It 
is called downgrade risk, or, more technically, rating migra- 
tion risk, meaning the risk that the rating of an obligor will 


CONSUMER CREDIT ANALYSIS 


The comparatively small amounts at risk to individual 
consumers, broad similarities in the relative structure of 
their financial statements, the large number of transac- 
tions involved, and accompanying availability of data allow 
consumer credit analysis to be substantially automated 
through the use of credit-scoring models. 


medical field, surgeons might include orthopedic surgeons, 

heart surgeons, neurosurgeons, and so on. But you would not 
necessarily go to an orthopedic surgeon for heart surgery or a 
heart surgeon for brain surgery. Although the primary subject 
of this chapter is the credit analysis of banks, in describing the 


change with an adverse effect on the holder of the obligor’s 
securities. 


At first glance, downgrade risk might be attributed to 

the role rating agencies play in the market as arbiters of 
credit risk. But even if no credit rating agencies existed, a 
risk akin to rating migration risk would exist: the risk of a 
change in credit quality. Through the flow of information 
in the market, any significant change in the credit qual- 

ity of an issuer or counterparty should ultimately manifest 
in a change in its credit risk assessment made by market 
participants. At the same time, the changes in perceived 
creditworthiness would be reflected in market prices 
implying a change in risk premium commensurate with the 
price change. Nevertheless, the risk of a decline in credit 
quality is at the end of the day only of concern insofar as 
it increases the risk of default. It can therefore be viewed 
simply as a different manifestation of default risk rather 
than constituting a discrete form of risk. Nevertheless, rat- 
ing migration is used in some credit risk models, as it use- 
fully functions as a proxy for changes in the probability of 
default over time. 


Ideally, downgrade risk should be equivalent to the risk of a 
decline in credit quality. In practice, however, there will inevita- 
bly be gaps between the rating assigned to a credit exposure 
and its actual quality as the latter improves or declines incre- 
mentally over time. What distinguishes the risk of a decline in 
credit quality from default risk as conventionally perceived is 
its impact on securities pricing. A decline in credit quality will 
almost always be reflected in a widening of spreads above the 
risk-free rate and a decline in the price of the debt securities 
affected by the decline. Since price risk by definition consti- 
tutes market risk, separating the market risk element from the 
credit risk element in debt pricing is no easy task. 


context in which this specialist activity takes place, it is worth 
taking a broad look at the entire field. 


To begin, let us consider how one might go about evaluating 
the capacity of an individual to repay his debts, and then briefly 


consider the same process in reference to both nonfinancial (i.e., 
3 
) 


corporate)*° and financial companies. 


35 While banks and other financial institutions are usually organized as 
corporations, the term corporate is frequently used both as an adjective 
and as a noun to generically refer to nonfinancial enterprises, such as 
manufacturers, wholesalers, and retailers, electrical utilities and service 
providers, owned by mainly private investors as opposed to those prin- 
cipally owned or controlled by governments or their agencies. The latter 
would usually fall under the rubric of state-owned enterprises. 
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Individual Credit Analysis 


In the case of individuals, common sense tells us that their 
wealth, often measured as net worth,3 would almost certainly 
be an important measure of capacity to repay a financial obliga- 
tion. Similarly, the amount of incoming cash at an individual’s 
disposal—either in the form of salary or returns from 
investments—is plainly a significant attribute as well. Since for 
most individuals, earnings and cash flow are generally equiva- 
lent, income?’ and net worth provide the fundamental criteria 
for measuring their capacity to meet financial obligations. 


As is our hypothetical Chloe, on the next page, most individuals 
are employed by businesses or other enterprises, earn a salary 
and possibly bonuses or commissions, and typically own assets 
of a similar type, such as a house, a car, and household furnish- 
ings. With some exceptions, cash flow as represented by the 
individual's salary tends to be fairly regular, as are household 
expenses. Moreover, unsecured?’ credit exposure to individuals 
by creditors is generally for relatively small amounts. Unsurpris- 
ingly, default by consumers is very often the result of loss of 
income through unemployment or unexpectedly high expenses, 
as may occur through sudden and severe illness in the absence 
of health insurance. 


Because the credit analysis of individuals is usually fairly simple 
in nature, it is amenable to automation and the use of statisti- 
cal tools to correlate risk to a fairly limited number of variables. 
Moreover, because the amounts advanced are comparatively 
small, it is generally not cost-effective to perform a full credit 
evaluation encompassing a detailed analysis of financial details 
and a due diligence interview of the individual concerned. 
Instead, scoring models that take account of various household 
characteristics such as salary, duration of employment, amount 
of debt, and so on, are typically used, particularly with respect 
to unsecured debt (e.g., credit card obligations). Substantial 
credit exposure by creditors to individual consumers will ordi- 
narily be in the form of secured borrowing, such as mortgage 


36 Net worth may be defined as being equal to assets less liabilities, and 

is generally synonymous with the following terms which are often used to 
describe the same concept in relation to companies: equity capital; total 
equity; net assets; owners’ equity; stockholders’ equity; shareholders’ 
funds; net asset value; and net tangible assets (net assets less intangible 
assets such as goodwill). More generally, it may be observed that financial 
terms are often associated with a plethora of synonyms, while, at the same 
time, fundamental terms such as capital or nonperforming loans may have 
distinctly different meanings depending upon the circumstances. 


37 Income is an accounting concept distinct from cash flow in that it 
seeks to match past and future cash flows with the transaction that gen- 
erated them, rather than classifying such movements strictly on the basis 
of when—that is, in which financial reporting period—they occurred. 


38 Unsecured means without security such as collateral or guarantees. 


lending to fund a house purchase or auto finance to fund a car 
purchase. In these situations, scoring methodologies are also 
employed, but may be coupled with a modest amount of man- 
ual input and review. 


Evaluating the Financial Condition 
of Nonfinancial Companies 


The process of evaluating the capacity of a firm to meet its finan- 
cial obligations is similar to that used to assess the capacity of 

an individual to repay his debts. Generally speaking, however, a 
business enterprise is more difficult to analyze than an individual. 
Not only do enterprises vary hugely in the character of their 
assets, the regularity of their income stream, and the degree to 
which they are subject to demands for cash, but also the financial 
structure of firms is almost always more complex than it is for 
individuals. In addition, the interaction of each of the preced- 

ing attributes complicates matters. Finally, the amount of funds 
at stake is usually significantly higher—and not infrequently far 
higher—for companies than it is for consumers. As a conse- 
quence, the credit analysis of nonfinancial companies tends to be 
more detailed and more hands-on than consumer credit analysis. 


It is both customary and helpful to divide the credit analysis of 
organizations according to the attributes to be analyzed. As 

a paradigm, consider the corporate credit analyst evaluating 
credit exposure to a nonfinancial firm, whether in the form of 
financial obligations in the form of bonds issued by multinational 
firms or bread-and-butter loans to be made to an industrial or 
service enterprise. As a rule, the analyst will be particularly con- 
cerned with the following criteria, and this will be reflected in 
the written report that sets forth the conclusions reached: 


e The company’s liquidity 

e Its cash flow together with 

e |ts near-term earnings capacity and profitability 
e Its solvency or capital position 


Each of these attributes is relevant also to the analysis of finan- 


cial companies. 


Evaluating Financial Companies 


The elements of credit analysis applicable to banks and other 
financial companies share many similarities to those applied to 
nonfinancial enterprises. The attributes of liquidity, solvency, 
and historical performance mentioned are all highly relevant to 
financial institutions. As with corporate credit analysis, the qual- 
ity of management, the state of the economy, and the industry 
environment are also vital factors in evaluating financial com- 


pany creditworthiness. 
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CASE STUDY: INDIVIDUAL CREDIT ANALYSIS 


Net worth means an individual's surplus of assets over debts. Consider, for example, a hypothetical 33-year-old woman named 
Chloe Williams, who owns a small house on the outskirts of a medium-sized city, let us call it Oakport, worth $140,000.?? There 
is a remaining mortgage of $100,000 on the house, and Chloe has $10,000 in savings, solely in the form of bank deposits and 
mutual funds, and no other debts (see Table 1.3). 


Leaving aside the value of Chloe’s personal property—clothes, jewelry, stereo, computer, motor scooter, for instance—she 
would have a net worth of $50,000. Chloe’s salary is $36,000 per annum after tax. Since her salary is paid in equal and regular 
installments in arrears (at the end of the relevant period) on the fifteenth and the last day of each month, we can equate her 
after-tax income with cash flow. Leaving aside nominal interest and dividend income, her total monthly cash flow (see Table 1.4) 
would be $3,000 per month. 


IE Cw =] Chloe's Net Worth 


Chloe’s Obligations 
Chloe's Assets $ and Equity $ Remarks: 


2-bedroom house at 128 
Bayview Drive, Current market 
value: $140,000 


Liabilities—mortgage owed to A single major liability—the 

bank (Chloe’s mortgage on her funds she owes to the bank, 
Chloe's House Portion of house house: financial obligation to which is an obligation secured 
value STILL owned to bank 100,000 | bank) 100,000 | by her house 
Portion of house value NOT 
owned by bank—relatively Home equity—unrealized if she a 
illiquid 40,000 | sells the house 40,000 

Chloe’s Net Worth = 

Cash and Securities Owns in full Equity in securities— M o a 
without margin loans—liquid unrealized unless she sells i 


assets 10,000 | them 10,000 
150,000 150,000 


Notes: Value of some assets (house, securities) depends on their market value. Traditionally a business would value them at their fair value or 
cost 


LEICA RS Chloe's Cash Flow 


Annually $ Monthly $ 
Chloe’s after-tax income 3,000 
Less: Salary applied to living costs and mortgage payment (2,167) 
Net cash flow available to service debt 833 


Net Cash Flow 


Net cash flow”? is what remains after taking account of Chloe's other outgoings: utilities, groceries, mortgage payments, 
and so on. 


To analyze Chloe's capacity to repay additional indebtedness, it is therefore reasonable to consider her net worth and income, 
together with her net cash flow, her track record in meeting obligations, and her level of job security, among other things. That 
Chloe has an impeccable credit record, has been with her company, an established Fortune 500 corporation for six years, with a 
steadily increasing salary and significant net worth would typically be viewed by a bank manager as credit positive." 
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Yet, as the business of financial companies differs in fundamental 
respects from that of nonfinancial businesses, so too does their 
analysis. These differences have a substantial impact on how the 
performance and condition of the former are evaluated. Simi- 
larly, how various financial characteristics of banks are measured 
and the weight given to various categories of their performance 
contrast in many respects with the manner in which corporates 
are analyzed. 


Suffice it to say for the moment that the key areas that a credit 
analyst will focus on in evaluating a bank include the following: 


e Earnings capacity—that is, the bank’s performance over time, 
particularly its ability to generate operating income and net 
income on a sustained basis and thereby overcome any dif- 
ficulties it may confront. 


e Liquidity—that is, the bank's access to cash or cash equiva- 
lents to meet current obligations. 


e Capital adequacy (a term frequently used in the context 
of financial institutions that is essentially equivalent to 
solvency)—that is, the cushion that the bank's capital affords 
it against its liabilities to depositors and the bank’s creditors. 


e Asset quality—that is, the likelihood that the loans the bank has 
extended to its customers will be repaid, taking into account 
the value and enforceability of collateral provided by them. 


Even in this brief list, differences between the key criteria 
applied to corporate credit analysis and those important in the 
credit analysis of financial and nonfinancial companies are appar- 


ent. They are: 


e The importance of asset quality. 


e The omission of cash flow as a key indicator. 


As with nonfinancial companies, qualitative analysis plays a sub- 
stantial role, even a more important role, in financial institution 
credit analysis. 


Finally, it should be noted that there is a great deal of diversity 
among the entities that comprise the financial sector. In this 
chapter, we focus almost exclusively on banks. They are the most 


3? Note that for an individual, net worth is frequently calculated taking 
account of the market value of key assets such as real property, in con- 
trast to company credit analysis, which, with some exceptions, will value 
assets at their historical cost. 


40 Net cash flow can be defined as cash received less cash paid out for a 
given financial reporting period. 


41 Credit positive means tending to strengthen an entity's perceived 
creditworthiness, while credit negative suggests the opposite. For 
example, “[The firm's] recent disposal of the fiber-optic network is 
slightly credit positive.” Ivan Lee et. al., Asia-Pacific-Fixed Income, Asian 
Debt Perspective—Outlook for 2002 (Hong Kong: Salomon Smith Barney, 
January-February 2002), 24. 


important category of financial institutions and also probably the 
most numerous. Banking organizations, so defined, nonetheless 
embrace a wide range of institutions, and the category embraces 
a number of subcategories, including commercial banks, special- 
ized, wholesale banks, trust banks, development banks, and so 
on. The number of categories present within a particular country’s 
financial sector depends upon the structure of the industry and 
the applicable laws governing it. Equally, the terminology used to 
refer to the different categories of banking institutions is no less 
diverse, with the relevant statutory definitions for each type vary- 
ing to a greater or lesser extent from jurisdiction to jurisdiction. 


Aside from banks, the remainder of the financial sector is com- 
posed of a variety of other types of entities including insurance 
companies, securities brokerages, and asset managers. Collec- 
tively, these entities are referred to as nonbank financial institu- 
tions, or as NBFls. As with the banking industry, the specific 
composition of the NBFI sector in a particular jurisdiction is influ- 
enced by applicable laws, regulations, and government policy. 


In these pages, we will focus almost exclusively on commercial 
banks. An in-depth discussion of the credit analysis of NBFls is 
really the subject for another chapter. 


1.5 A QUANTITATIVE MEASUREMENT 
OF CREDIT RISK 


So far, our inquiry into the meaning of credit has remained 
within the confines of tradition. Credit risk has been defined as 
the likelihood that a borrower will perform a financial obligation 
according to its terms; or conversely, the probability that it will 
default on that commitment. The probability that a borrower will 
default on its obligation to the lender generally equates to the 
probability that the lender will suffer a loss. As so defined, credit 
risk and default risk are essentially synonymous. While this has 
long been a serviceable definition of creditworthiness, develop- 
ments in the financial services industry and changes in regula- 
tion of the sector over the past decade have compelled market 
participants to revisit the concept. 


Probability of Default 


If we think more about the relationship between credit risk 
and default risk, it becomes apparent that such probability of 
default (PD), while highly relevant to the question what consti- 


#42 


tutes a “good credit"”“ and what identifies a bad one, is not 


the creditor’s only, or in some cases even her central concern. 


42A good credit means, of course, a good credit risk; that is, a credit 
risk where the risk of loss is so minimally low as to be acceptable. 
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Indeed, a default could occur, but should a borrower through 

its earnest efforts rectify matters promptly—making good on 
the late payment through the remittance of interest or penalty 
charges—and resume performance without further breach of the 
lending agreement, the lender would be made whole and suffer 
little harm. Certainly, nonpayment for a brief period could cause 
the lender severe consequential liquidity problems, should it 
have been relying upon payment to satisfy its own financial obli- 
gations, but otherwise the tangible harm would be negligible. 
Putting aside for a moment the impact of default on a lender's 
own liquidity, if mere default by a borrower alone is not what 
truly concerns a creditor, about what then is it really worried? 


Loss Given Default 


In addition to the probability of default, the creditor is, or 
arguably should be, equally concerned with the severity of the 
default that might be incurred. It is perhaps easier to compre- 
hend retrospectively. 


Was it a brief, albeit material default, like that described in the 
preceding paragraph, that was immediately corrected so that the 
creditor obtained all the expected benefits of the transaction? 


Or was it the type of default in which payment ceases and no 
further revenue is ever seen by the creditor, resulting in a sub- 


stantial loss as a result of the transaction? 


Clearly, all other things being equal, it is the expectation of the 
latter that most worries the lender. 


Both the probability of default and the severity of the loss result- 
ing in the event of default—each of which is conventionally 
expressed in percentage terms—are crucial in ascertaining the 
tangible expected loss to the creditor, not to speak of the credi- 
tor’s justifiable level of apprehension. The loss given default 
(LGD) encapsulates the likely percentage impact, under default, 
on the creditor's exposure. 


Exposure at Default 


The third variable that must be considered is exposure at default 
(EAD). EAD may be expressed either in percentage of the nomi- 
nal amount of the loan (or the limit on a line of a credit) or in 
absolute terms. 


Expected Loss 


The three variables—PD, LGD, and EAD—when multiplied, give 


us expected loss for a given time horizon.? 


43 For simplicity’s sake, variables such as the period and correlations 
within a loan portfolio are omitted in this introductory discussion. 


It is apparent that all three variables are quite easy to calculate 
after the fact. Examining its entire portfolio over a one-year 
period, a bank may determine that the PD, adjusted for the 
size of the exposure, was 5 percent, its historical LGD was 

70 percent, and EAD was 80 percent of the potential exposure. 
Leaving out asset correlations within the loan portfolio and 
other complexities, expected loss (EL) is simply the product of 
PD, LGD, and EAD. 


EL and its constituents are, however, much more difficult to esti- 
mate in advance, although past experience may provide some 
guidance. 


The Time Horizon 


All the foregoing factors are time dependent. The longer the 
tenor” of the loan, the more likely it is that a default will occur. 
EAD and LGD will also change with time, the former increasing 
as the loan is fully drawn, and decreasing as it is gradually 
repaid. Similarly, LGD can change over time, depending upon 
the specific terms of the loan. The nature of the change 
depends upon the specific terms and structure of the obligation. 


Application of the Concept 


To summarize, expected loss is fundamentally dependent upon 
four variables, with the period often assumed to be one year for 
the purposes of comparison and analysis. On a portfolio basis, 

a fifth variable, correlation between credit exposures within a 
credit portfolio, will also affect expected loss. 


The PD/LGD/EAD concept just described is extremely valuable 
as a way to understand and model credit risk. 


Major Bank Failure Is Relatively Rare 


While bank credit analysis resembles corporate credit analysis 
in many respects, it differs in several important ways. The most 
crucial difference is that, broadly speaking, modern banks, in 
sharp contrast to nonfinancial firms, do not fail in normal times. 
That may seem like a shocking statement. It is an exaggeration, 
but one that has more truth in it than might first appear, con- 
sidering that, quite often, weak banks are conveniently merged 
into other—supposedly stronger—banks. Most bank analysts, 
if you press them hard enough, will acknowledge the declara- 
tion as generally valid, when applied to the more prominent and 
internationally active institutions that are the subject of the vast 
majority of credit analyses. 


44 Tenor means the term or time to maturity of a credit instrument. 
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Granted, the present time, in the midst of a substantial finan- 
cial crisis, does not qualify as normal time. In each of 2009 and 
2010, roughly 2 percent of U.S. banks failed, and in 2011, so did 
roughly 1.2 percent of them. The rate of failure between 1935 
and 1940 was about 0.5 percent per year, and it remained below 
0.1 percent per year in the 20 years after World War Il. Between 
2001 and 2008, only 50 banks failed in the United States—half 
of them in 2008 alone, but that left the overall ratio of that 
period below 0.1 percent per year. 


In the United States alone, other data show that the volume of 
failures of publicly traded companies numbered in the thou- 
sands, with total business bankruptcies in the millions. To be 
sure, the universe of banks is much smaller than that of nonfi- 
nancial companies, but other data confirms that bank collapses 
are substantially less probable than those of nonfinancial enter- 
prises. This is, of course, not to say that banks never fail (recall 
the foregoing qualification, “broadly speaking”). It is evident the 
economic history of the past several centuries is littered with the 
invisible detritus of many long-forgotten banks. 


Small local and provincial banks, as well as—mostly in emerg- 
ing markets—sometimes larger institutions are routinely closed 
by regulators, or merged or liquidated, or taken over by other 
healthier institutions, without creating systemic waves. 


The proportion of larger banks going into trouble has dramati- 
cally increased in the past few years, particularly in the U.K. and 
in the United States, but also in Europe. The notion of too big 
to fail has always been accepted in the context of each separate 
market. In November 2011, that notion was extended to include 
a systemic risk of contagion, with the publication by the Finan- 
cial Stability Board (FSB) of a list of 29 “systemically important 
financial institutions” which would be required to hold “addi- 
tional loss absorption capacity tailored to the impact of their 
[possible] default.” There are of course many more “too big to 
fail” financial institutions around the world. 


The notion of “too small to fail” also exists since it is 

often cheaper and more expedient—not to mention less 
embarrassing—for governments to arrange the quiet absorption 
of a small bank in trouble. 


A wide danger zone remains in between those two extremes. 


Bank Insolvency Is Not Bank Failure 


The proposition that banks do not fail is, it must be emphasized, 
an overstatement meant to illustrate a general rule. There is no 
intent to convey the notion that banks do not become insolvent, 
for especially with regard to banks (as opposed to ordinary cor- 
porations), insolvency and failure are two distinct events. In fact, 
bank insolvency is far more common, even in the twenty-first 


century, than many readers are likely to suspect.*? Equally, insol- 
vent banks can keep going on and on like a notorious advertis- 
ing icon so long as they have a source of liquidity, such as a 
central bank as a lender of last resort. What is meant is that the 
bankruptcy or collapse of a major commercial banking institu- 
tion that actually results in a significant loss to depositors or 
creditors is an extremely rare event.*° Or at least it did remain 
so until the crisis that started in 2008. For the vast majority of 
institutions that a bank credit analyst is likely to review, a failure 
is highly improbable. But because banks are so highly lever- 
aged, these risks, and perhaps more importantly, the risks that 
episodes of distress that fall short of failure and may potentially 
cause harm to investors and counterparties, are of such magni- 
tude that they cannot be ignored. 


Why Bother Performing a Credit 
Evaluation? 


If major bank failures are so rare, why bother performing a credit 
evaluation? There are several reasons. 


e First, evaluating the default risk of an exposure to a particular 
institution enables the counterparty credit analyst working for 
a bank to place the risk on a rating scale, which helps in pric- 
ing that risk and allocating bank capital. 


e Second, even though the risk of default is low, the possibility 
is a worrisome one to those with credit exposure to such an 
institution. Consequently, entities with such exposure, includ- 
ing nonfinancial and nonbank financial organizations, as well 
as investors, both institutional and individuals, have an inter- 


est in avoiding default-prone institutions.*” 


e Third, it is not only outright failure that is of concern, but also 
events short of default can cause harm to counterparties and 
investors. 


e Fourth, globalization has increased the risk of systemic con- 
tagion. As a result, the risk on a bank has becomes a twice- 
remote risk—or in fact a risk compounded many times—on 
that bank's own risk on other financial institutions with their 
own risk profile. 


45 Moreover, not all episodes of bank distress reach the newspapers, as 
problems are remedied by regulators behind the scenes. 


46 In short, while historically a sizable number of banks have closed their 
doors, and bank defaults and failures are not unknown even today. The 
types of institutions that do suffer bank collapses are almost always local 
or provincial, with few, if any, international counterparty relationships. 


47 Retail depositors will also be concerned with a bank's possible 
default, although their deposits are often insured by governmental or 
industry entities to some extent. 


Chapter 1 The Credit Decision HM 21 


Default as a Benchmark 1,400 


That bank defaults are rare—barring sys- 1,200 


temic crises—in today’s financial industry 


does not detract from the conceptual 


usefulness of the possibility of default in AJA2 


delineating a continuum of risk.48 The A-/A3 
analyst's role is to place the bank under 
review somewhere on that continuum, ah 


taking account of where the subject 
institution stands in terms of financial 


Basis Points over U.S. Treasuries 


strength and the potential for external 
support. The heaven of pure creditwor- 
thiness*? and the hell of bankruptcy”? 
define two poles, somewhere between 
which a credit evaluation will place the 
institution in terms of estimated risk of 
loss. In terms of credit ratings, these 


AAA/Aaa 
AA+/Aal 
AA/Aa2 
AA-/Aa3 
A+/Al 


BBB+/Baal 
BBB/Baa2 
BBB-/Baa3 


Based upon the rating yield curve shown, 
investors demanded a risk premium of about 


200 bp (2%) over the market yield for U.S. 
Treasuries for a debt issue rated BBB/Baa2." 
E * Numerical equivalent of 9 as per table. a 
7 i f= & 


Average of Moody’s and S&P Ratings, Numerical Equivalent 


poles are roughly demarcated by an AAA MMES] External ratings and the rating yield curve. 


rating at one end, and a default rating at 
the other. 


In other words, the potential for failure, if not much more than 
a remote possibility in most markets, nonetheless allows us 

to create a sensible definition of credit risk and a spectrum of 
expected loss probabilities in the form of credit ratings. In turn, 
these ratings facilitate the external pricing of bank debt and, 
internally, the allocation of bank capital. 


Pricing of Bank Debt 


From a debt investor's perspective, the assessment of bank 
credit risk distilled into an internal or external rating facilitates 
the determination of an investment’s value, that is, the relation- 
ship of risk and reward, and concomitantly its pricing. For exam- 
ple, if hypothetical Dahlia Bank and Fuchsia Bank, both based 

in the same country, each issue five-year subordinated floating- 
rate notes paying a semiannual coupon of 6 percent, which is 
the better investment? Without additional information, they are 
equally desirable. However, if Dahlia Bank is a weaker credit 
than Fuchsia Bank, then all other things being equal, Fuchsia 
Bank is likely to be the better investment since it offers the same 
rate of return for less risk to the investor. 


48 As discussed, credit risk is largely measured in terms of the probability 
of default, and loss severity (loss given default). 


49 In other words, 0 percent risk of loss, that is, a risk-free investment. 


50 The worst-case scenario refers to an institution in default, subject to 
liquidation proceedings, in which 100 percent of principal and interest 
are unrecoverable. 


These evaluations of bank obligations and the information they 
convey to market participants function to underpin the develop- 
ment and maintenance of efficient money and capital markets. 
The relationship between credit risk and the return that inves- 
tors will require to compensate for increasing risk levels can be 
depicted in a rating yield curve. The diagram in Figure 1.1 
illustrates a portion of such a curve. Credit risk, as reflected in 
assigned credit ratings, is shown on the horizontal axis, while the 
risk premium, described as basis points above the risk-free rate 
demanded by investors, is shown on the vertical axis. Observe 
that as of the time captured, for a financial instrument having a 
rating of BBB, corresponding roughly to a default probability 
within one year of between 0.2 percent and 0.4 percent,”' 
investors required a premium of about 200 basis points (bps) or 
2 percent yield above the risk-free rate. 


Allocation of Bank Capital 


From the counterparty credit analyst’s perspective, the same 
assessment process enables the institution for which she 
works to better allocate its risks and its capital in a manner 
that is both prudent and compliant with relevant regulatory 


51 Such default risk ranges are associated with ratings. In the past, each 
rating agency defined ratings in vague terms rather than as probabilities 
of default—other than as ranges of historical observations—and each 
rating agency would have its own definition. The advent of Basel II has 
now forced them to map each rating level to a range of probabilities of 
default. 
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prescriptions.°* For internal risk management purposes, 
bank analysis facilitates the setting of exposure limits with 
regard to the advance of funds, exposure to derivatives, and 
settlement. 


Events Short of Default 


The default of an entity to which one has credit exposure is 
obviously something to be avoided. The risk of default is also 
useful conceptually to define a spectrum of default risk. But 
what about events short of default? How do they figure in the 
calculus of the creditor or investor? As alluded to, a bank 
does not have to fail for it to cause damage to a counterparty 
or creditor. A technical default, not to speak of a more mate- 
rial one, can have critical consequences. If a company’s trea- 
surer, for example, loses access to funds on deposit with a 
bank even temporarily, this loss of access can have serious 
knock-on effects, even if all the funds at stake are ultimately 
repaid.°? Likewise, if one bank is relying upon another's cred- 
itworthiness as part of a larger transaction, the first bank’s 
default, again even if only technical or temporary, can be a 
grave matter for its counterparty, potentially harming its own 
credit rating and reputation in the market. In all of the forego- 
ing cases, irrespective of the likelihood of outright bank fail- 
ure, bank credit analysis provides the means to avoid fragile 
banks, as well as the tools to steer clear of failure-prone insti- 
tutions in markets where bank collapses are not so 
uncommon. 


Banks Are Different 


Banks are different in that they are highly regulated and their 
assessment is intrinsically highly qualitative. In many respects, 
however, bank credit analysis and corporate credit analysis are 
more alike than they are dissimilar. Yet there are vital differences 
in their respective natures that call for separate approaches to 
their evaluation both in respect to the qualitative and quantita- 
tive aspects of credit analysis. Some of these differences relate 
to the structure of a bank’s financial statements as compared 
with a nonfinancial entity. Others have to do with the role of 
banks within a jurisdiction’s financial system and their impact on 
the local economy. 


The banking sector is among the most tightly regulated of all 
industries worldwide. This fact alone means that the scope, 


52 A discussion of the mechanics of economic capital allocation is unnec- 
essary for the purposes of this chapter. 


53 A decline in the credit quality of the bank has prompted the analyst to 
seek a reduction in limits for the exposure to the bank. 


character, and effectiveness of the regulatory apparatus will 
inevitably affect the performance and financial condition of insti- 
tutions that come within its ambit. Consequently, consideration 
of the adverse and beneficial consequences of existing regula- 
tions, and proposed or promulgated changes, will necessarily 
assume a higher profile than is normally the case in connection 
with nonfinancial companies. 


The reason that banks are heavily regulated is in large part 
attributable to the preeminent role they play within the financial 
markets in which they operate. As crucial components within 

a national payment system and the extension of credit within 

a region or country, their actions and health inevitably have 

a major impact on the climate of the surrounding economy. 
Consequently, banks are more important than their apparent 
size, measured in terms of revenue generation and employment 
levels, would suggest. It should not be surprising therefore that 
governments around the world take a keen interest in the health 
of the banks operating within their borders, and, supervise them 
to a far greater degree than they do nonfinancial enterprises. 

In contrast, nonfinancial firms, with a few exceptions, are lightly 
regulated in most jurisdictions, and governments generally take 
a hands-off policy toward their activities. 


In most contemporary market-driven economies, if an ordi- 
nary company fails, it is of no great concern. This is not so in 
the case of banks. Because they depend on depositor confi- 
dence for their survival, and since governments neither want 

to confront irate depositors, nor more critically, contend with 

a significant number of banks unable to function as payment 
and credit conduits, deposit-taking institutions are rarely left 

to fend for themselves and go bust without a passing thought. 
Even where deposit insurance exists and depositors remain 
pacified, the failure of a single critical financial institution may 
be plausibly viewed by policymakers as likely to have a detri- 
mental impact on the health of the regional or national finan- 
cial system. Moreover, the costs of repairing a banking crisis 
typically far outweigh the costs of taking prudent measures to 
prevent one. Governments therefore actively monitor, regulate, 
and—in light of the importance of banks to their respective 
economies—ultimately function as lenders of last resort through 


the national central bank, or an equivalent agency. 


Owing to the privileged position that banks commonly enjoy, 
their credit analysis must give due consideration to an insti- 
tution’s role within the relevant financial system. Its position 
will affect the analyst’s assessment concerning the prob- 
ability, and degree, of support that may be offered by the 
state—whether explicitly or more commonly implicitly—in 

the case the bank experiences financial distress. Making such 
assessments not only calls for consideration of applicable laws 
and regulations, but also relevant institutional structures and 
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policies, both historic and prospective. Moreover, the analysis 
must consider policies that, in an effort on the part of govern- 
ment to reduce moral hazard,°* may be quite opaque. In sum, 


54 Industrial and service companies are thus far less likely to benefit from 
a government bailout, although this likelinood depends on the political- 
economic system. Even in highly capitalist countries, there are exceptions 
where the firm is very large, strategically important, or politically influen- 
tial. The bailout of automaker Chrysler Corporation in the United States, 
a company that was later acquired by Daimler-Benz, was a notable illus- 
tration. More recently, the 2008 crisis prompted substantial government 
intervention in Europe and in the United States. In more dirigiste econo- 
mies, state bailouts are less rare. Still, even in these economies, most 
corporates have no real lender of last resort, and must remain solvent 
and liquid on pain of fatal collapse. Perhaps, in consequence, their quan- 
titative performance and solvency indicia tend to be scrutinized more 
severely than those of their financial institution counterparts. 


this aspect of the analytical process necessarily requires keen 


judgment, and is in consequence principally qualitative in 


character.” 


55 Aside from their relevance in such extreme circumstances, because 

of the degree to which bank performance is affected by government 
regulation and supervision, the same considerations are important in the 
ongoing analysis of a bank’s financial condition. 
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The Credit Analyst 


WE Learning Objectives 


After completing this reading you should be able to: 


© Describe the quantitative, qualitative, and research skills © Explain the capital adequacy, asset quality, management, 


a banking credit analyst is expected to have. earnings, and liquidity (CAMEL) system used for 


evaluating the financial condition of a bank. 
© Assess the quality of various sources of information used 


by a credit analyst. 


Excerpt is Chapter 2 of The Bank Credit Analysis Handbook, Second Edition, by Jonathan Golin and Philippe Delhaise. 
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Though the principles of the banking trade appear some- 
what abstruse, the practice is capable of being reduced 
to strict rules. To depart upon any occasion from those 
rules, in consequence of some flattering speculation of 
extraordinary gain, is almost always extremely dangerous, 
and frequently fatal, to the banking company which 
attempts it. 


—Adam Smith, Wealth of Nations 


If you warn 100 men of possible forthcoming bad news, 80 
will immediately dislike you. And if you are so unfortunate 
to be right, the other 20 will as well. 


—Anthony Gaubis' 


What is a credit analyst? 
What are the various types of credit analyst? 
How do their roles differ? 
Where do bank credit analysts fit in? 
These are the questions this chapter seeks to answer. 


Although all credit analysts undertake work that involves 
some similarity in its larger objectives, the specifics of each 
analytical role may vary a great deal. In the previous chapter, 
it was suggested that the approach to credit evaluation is 
contingent upon the type of entity being evaluated. In addi- 
tion, the scope and nature of the evaluation will depend upon 
the functional role occupied by the analyst. Hence, while the 
same core questions underpin the analytical process, the time 
and resources available to perform the credit risk evaluation 
will vary. 


This chapter seeks to survey the various subfields of credit 
analysis, as well as the different roles that can be undertaken 
within each corner of the field. The aim is to provide a practical 
overview of the field and to define the subject of our inquiry. 
To this end, credit analysis and credit analysts are classified in 
three different ways: by function, by the type of entity analyzed 
(as referenced above), and by the category of employer. Under 
this approach, some repetition is unavoidable. It is hoped, how- 
ever, that by the end of the chapter the reader will have a good 
understanding of what credit analysis is, and where bank credit 
analysis fits into the larger picture. 


‘ Anthony Gaubis (1902-1989) was an investment analyst and advisor 
who published a stock market newsletter, Business and Investment Tim- 
ing. Obituary abstract, New York Times, October 11, 1989. 


2.1 THE UNIVERSE OF CREDIT 
ANALYSTS 


Common sense tells us that the job of the credit analyst is 

to assess credit risk. Used without further modification, this 
encompasses a wide range of functions running the gamut 
from the evaluation of small business loan applications to rating 
corporate customers at a global bank. Consider, for example, 
the following four job descriptions below, each for a “credit 
analyst,” drawn from actual advertised positions. While each 
listing is nominally for a credit analyst, the positions differ 
substantially in their content, scope of responsibility, and 
compensation. 


Job Description 1: Credit Analyst 


Manage pipeline of loans. Review loans and customer documen- 
tation to ensure they meet requirements and to determine loan 
status (approve/decline), including data entry. Review property 
appraisals and relevant documentation and perform basic mort- 
gage calculations to validate score-based approval. Refer loan 
applications over $750,000 to higher level. 


Consumer Credit 


The first position deals with retail consumer credit, primarily 
mortgage lending. From the phrasing of the ad, we can see 
that the position is a relatively junior one with limited authority. 
The emphasis is less on detailed fundamental analysis and more 
on ensuring that documentation is in order, and that the loan 
applicant meets predetermined scoring criteria. 


Job Description 2: Credit Analyst 


Review and analyze scoring analytics, interfacing as necessary 
with the risk management group. Develop, test, implement, 
and maintain a variety of origination and collection scorecards. 
Review modifications to existing systems. Prepare reports to 
support risk decisions. 


Credit Modeling 


The second position also concerns consumer credit, but is not 
so involved with the analysis of individual exposures as the first. 
Instead of reviewing applications, this job involves the review 
and development of more refined consumer credit scoring 
systems. Both this and the first position are rather far afield from 
bank and financial institution credit analysis, which is the focus 
of this chapter. 
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Job Description 3: Credit Analyst 


Global investment bank seeks an experienced credit analyst to 
have responsibility for the analysis and credit rating of the bank's 
international corporate clients. The role will also include involve- 
ment in credit modeling and participation in credit committee 
presentations. 


Corporate Credit 


The third advertisement is for a corporate credit analyst, since 
the scope of the position extends only to corporate entities, 

as opposed to financial institutions or sovereign credits. It also 
includes some duties with regard to the development of credit 


risk models. 


Job Description 4: Credit Analyst 


Monitor exposures to counterparties, which comprise primarily 
banks, brokers, insurance companies, and hedge funds. 

Prepare counterparty credit reviews, approve credit limits, and 
develop and update credit policies and procedures. The credit 
review process includes detailed capital structure and financial 
statement analysis as well as qualitative assessments of both the 
counterparty and the sector in which it operates. 


Counterparty Credit 


Only the final listing specifically addresses the type of work that 
is the main subject of this chapter. It calls for a counterparty 
credit analyst to analyze banks and other financial institutions, 
while, like the third advertisement, it also embraces some 
supplementary responsibilities. From these job descriptions, 
which by no means take in all the main analytical roles, it is 
apparent that the field of credit analysis is wide and varied. 


The majority of credit analysts are employed by financial inter- 
mediaries participating in the money and capital markets. 
Others work for nonfinancial corporations and for organizations 
that provide market-support functions, such as rating agencies 
and government regulators. While all credit analysts evaluate 
credit risk, the analytical role embraces a broad range of situa- 
tions and activities—as the preceding descriptions make appar- 
ent. The credit officer at a small rural bank may have to decide 
whether a loan should be extended to a retail hardware store 
owner whose establishment the officer visits regularly. At the 
other end of the spectrum, the head of credit at a multinational 
bank may hold responsibility for setting country risk limits and 
for determining the credit lines to be extended to specific banks 
and corporations in that country, as well as having on-the-spot 
authority for approving or rejecting specific transactions. 


THE COUNTERPARTY CREDIT 
ANALYST 


Those credit analysts who evaluate the creditworthiness of 
financial intermediaries are known generally as bank and 
financial institution analysts. Within this broad category, 
the field can broadly be divided into two areas: (1) the 
analysis of banks and (2) the analysis of nonbank financial 
institutions (NBFls) such as insurance firms or asset man- 
agers. When credit analysts are employed by a financial 
institution to analyze another financial institution, their 
evaluations are usually performed with a view to a pro- 
spective bilateral transaction between their employer and 
its opposite number as a counterparty. The credit risk aris- 
ing from this type of transaction is termed counterparty 
credit risk, and those who evaluate such risk on behalf 

of prospective transaction participants are counterparty 
credit analysts. 


As part of the evaluation process, counterparty credit 
analysts ordinarily assign the counterparty an internal rat- 
ing. In contrast to the rating agency analyst who assigns 
an external rating, the counterparty credit analyst may be 
called upon to make recommendations concerning: 


e Prudent limits in respect of particular credit risk 
exposures 

e The approval or disapproval of a particular credit 
application 


e Appropriate changes to the amount of exposure, tenor, 
collateral, and guarantees or to contractual provisions 
governing the transaction 


The evaluations undertaken by credit analysts at rating 
agencies such as Moody’s Investors Service, Standard & 
Poor’s, and Fitch Ratings in assigning unbiased rating grades 
to debt issued by governments, corporations, financial insti- 
tutions, and other entities, represent another corner of the 
field. Sell-side and buy-side fixed-income analysts, who work 
respectively for investment banks or banking divisions, or for 
hedge funds, and proprietary trading units, are concerned not 
only with credit risk but also with the relative value of debt 
instruments in comparison with issues in the same class and 
their corresponding desirability as investments. Finally, bank 
examiners and supervisors are also engaged largely in credit 
analysis as they evaluate the soundness of individual institutions 
as part of their supervisory function. 


Classification by Functional Objective 


Within the universe of credit analysis, practitioners can also 
be differentiated in terms of their functional role. Most are 
employed primarily to evaluate credit risk as part of a larger 
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risk management function performed by all manner of financial 
institutions, as well as by many nonfinancial companies. 

A smaller group are fixed-income analysts who are employed to 
help choose investments in debt securities or to find investment 
opportunities. This distinction between risk management and 
investment selection has a significant impact on the analyst's 
objectives and on his or her day-to-day work. 


Risk Management versus Investment 
Selection 


The role of most credit analysts is to facilitate risk management, 
in the broadest sense of the term, whether at the level of the 
individual firm or at the level of national policy. The sort of risk 
management with which a credit analyst is concerned is, of 
course, credit risk management. Credit risk management forms 
part of the broader enterprise risk management function that 
includes the oversight and control of market risk, liquidity risk, 
and operational risk. Within the private sector, the main respon- 
sibility of credit analysts operating in a risk management capac- 
ity is to research prospective customers and counterparties, to 
prepare credit reports for internal use, to make recommenda- 
tions concerning transactions and risk limits, and to generally 
facilitate the risk management of the organization as a whole. 


Within the public sector, bank examiners are at heart credit 
analysts. They are employed by agencies that regulate financial 
institutions. As part of their supervisory function, they under- 
take independent reviews of specific institutions, typically from 
a credit perspective. The usual aim of these regulatory agen- 
cies is to maintain a sound financial system while seeking both 
to encourage investment and foster economic growth and to 
facilitate the creation of deep and liquid financial markets. 


Rating agency analysts, although not directly involved in risk 
management, evaluate issuers, counterparties, and debt issues 
from a similar perspective. Their mission is to provide unbiased 
analysis as the basis upon which to assign ratings to issuers or 
counterparties, as well as to specific debt issues or classes of 
debt issues, when required. These ratings are, in turn, used 

to facilitate both risk management and investment selection. 

In addition to the rating agencies, a number of other sources 
exist, offering various degrees of independence, relevance, and 
analytical depth. 


Those credit analysts involved in investment selection represent 
a smaller portion of the field. Most credit analysts that perform 
this function can be classified as fixed-income analysts. Invest- 
ment selection, of course, refers to the identification of potential 
investments (or those to avoid), and the making of recommen- 
dations or business decisions concerning how to allocate funds 


available for investment, from which the investor expects to 
make a return over time. In the investment context, credit risk 

is of particular importance in respect to fixed-income securities 
and other debt instruments; hence, its assessment comprises the 
larger part of the fixed-income analyst's work. It is normally less 
of a concern in respect to equity securities since the inherent 
trade-off accepted by equity investors is that a significant upside 
potential implies greater credit risk. Nonetheless, equity analysts 
implicitly take account of credit concerns and do, from time to 
time, address those concerns explicitly in investment reports. 
For both the equity analyst and the fixed-income analyst, the 
main objective is to reach a conclusion as to whether a particular 
investment will generate the expected return and whether it is 
more apt to exceed expectations or fall short of them. 


In analyzing a fixed-income security, the risk of default is 

always an underlying concern, if not the analyst’s chief focus. In 
most instances, the analyst’s principal concern is the potential 
deterioration in an investment’s credit quality and the cor- 
responding risk of a decline in its price. All other things being 
equal, increased credit risk will cause a given debt security's 
price to fall. In contrast to the counterparty credit analyst, the 
fixed-income analyst is concerned not only with the credit risk 
of a contemplated transaction, but also with the investment's 
relative value. In brief, relative value refers to relative desirability 
of a particular debt security vis-a-vis securities in the same asset 
class and having the same assigned rating and other fundamen- 
tal characteristics. It represents a key input in the fixed-income 
analyst's recommendation concerning a security—for example, 
whether to buy, sell, or hold it as an investment. 


It should be noted that often within a financial institution, the 
functions of risk management and investment selection are 
largely separate domains. Their separation may be reinforced 
through the establishment of a so-called Chinese Wall con- 
structed at the behest of regulators to limit the flow of certain 
types of information to prevent the unfair exploitation of 
inside information by customers or traders. Such barriers and 
the divergent objectives of credit analysts employed in a risk 
management capacity vis-a-vis those employed in an investment 
selection tend to discourage collaboration between the two 
types of staff. 


Primary Research versus Secondary 
Research 


Although in respect to the evaluation of credit risk, the basic 
elements of each of the previously mentioned analytical roles 
are similar, the amount of time and resources available to an 
analyst to assess the relevant credit risk depends very much 
upon the nature of the position. Credit analysis, when 
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undertaken by one or more individuals, requires time and 
resources. Accordingly, the cost of analysis is higher when it is 
performed with human input, as opposed to being processed 
using a credit scoring mechanism. The more primary research 
required, the higher the cost. Notwithstanding the benefits of 
conducting a comprehensive credit risk review, it may not be 
cost-effective to perform an in-depth assessment in all situations 
where credit risk arises. The cost factor explains why the “analy- 
sis” of small standardized transactions is frequently automated, 
by the use of a credit risk model incorporated into a computer 
software application. While this chapter does touch upon the 
automated modeling systems that underpin credit scoring, it is 
primarily concerned with analyst-driven credit research. Such 
research and the evaluation of credit risk based on that research 
takes into account both quantitative and qualitative criteria, and 
considers both microeconomic (bank-specific) variables as well 
as the macroenvironment, including political, macroeconomic, 
and industry/systemic factors. This type of evaluation process 
may also be termed fundamental credit analysis. 


The same cost rationale constrains counterparty credit analysts 
as well, albeit to a lesser extent. The analysis of banks and other 
financial institutions, for reasons to be discussed, is not wholly 
amenable to quantification and thus cannot be fully automated. 
Nevertheless, the time and resources to perform credit reviews 
is limited, given that a counterparty credit analyst employed by 
a financial institution may well be responsible for an entire con- 
tinent or region—for example, Asia—and his or her brief may 
extend to a hundred or more banks. Obviously, such an individ- 
ual will not be able to visit every bank within his or her purview, 
nor spend several days analyzing a single institution. Although, 
ideally, counterparty credit analysts will conduct an independent 
review of the bank's financial statements, and may, in some 
cases, periodically call or visit the subject bank, the greater part 
of the counterparty credit analyst's work will tend to be taken 
up by researching the ratings produced by third parties, taking 
into account recent developments and utilizing other available 
sources of information to arrive at a synthesis of the institution's 
credit story. Naturally, the conclusions reached will incorporate 
the analyst’s own assessments. The form of the resulting credit 
report will vary from institution to institution. Since the analy- 
sis and the recommendations made are intended purely for 
internal purposes, the reports that contain them will be briefer 
than those produced by rating agencies and considerably 
briefer than those produced by sell-side analysts at investment 
banks. Ordinarily, the entire report will rarely exceed two or 


2 Until now, we have looked at credit analysis in a general way. With this 
chapter, we begin to concentrate on the credit analysis of financial insti- 
tutions generally and on banks specifically. 


three pages, and will simply include a short executive summary 
followed by a page or two of supporting text. 


The credit analyst employed by a rating agency is, as a rule, 
under much less severe limitations. One reason is that nowadays 
most ratings are solicited, meaning that they are paid for by the 
party being rated or issuing the instrument that is to be 
assigned a rating. Unlike in-house corporate and counterparty 
analysts who often rely upon the assessments made by the rat- 
ing agencies, it is the rating agency analysts themselves who are 
expected to produce a comprehensive and in-depth credit eval- 
uation. By undertaking the intensive primary research that forms 
the foundation of the rating assignment, rating agency analysts 
provide the value-added service to their subscribers that allows 
the latter to complete credit reviews in an expeditious manner. 
In addition to examining the bank's financials, rating agency 
analysts almost invariably visit the bank in question to form an 
independent conclusion as to its creditworthiness. Bank visits 
and accompanying due diligence investigations are fairly time- 
consuming, taking at least the better part of a day, and some- 
times significantly longer. Additional time is needed to prepare 
the final report and have it approved by the agency's rating 
committee. To ensure that enough resources are allotted to pro- 
duce a high-quality credit evaluation, each rating agency analyst 
typically covers a fairly small number of institutions, often in a 


small number of countries.” 


A Special Case: The Structured Finance 
Credit Analyst 


Finally, another type of credit analyst whose province does not 
easily fit within the preceding categories and whose functions 
are generally outside the scope of this book must be men- 
tioned: the structured finance credit analyst.* Structured finance 
refers to the advance of funds secured by certain defined assets 
or cash flows. The credit analysis of structured products is often 
complex because the resulting credit risk depends primarily on 


3 It is worth noting here that between the two extremes just discussed— 
the due diligence undertaken by rating agency analysts and the auto- 
mated scoring of credit risk using a quantitative model—hybrid systems 
are employed in the counterparty credit context, encouraged also by 
the requirements of Basel Il and Basel Ill. Under a hybrid approach, 
some rating inputs are generated using quantitative data supplied from 
internal sources or an outside provider, while more qualitative scorings 
are entered by the analyst. They represent an attempt to reduce costs 
and enhance the consistency of ratings, while seeking to incorporate 
analyst judgments where quantitative models are unwieldy. 


4 Although basic structured finance transactions such as mortgage- 
backed securities and similar securitizations are discussed briefly in some 
of the pages that follow, the analysis of such transactions remains wholly 
outside the scope of this chapter. 
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the manner in which such assets and cash flows are assembled, 
and in particular upon the forecasting of the probability of vari- 
ous contingencies that affect the ownership of such assets and 
the amount and timing of the associated cash flows to create a 


transaction framework. 


Although, in principle, structured finance methods resemble 
ordinary secured lending backed by collateral, they are often 
considerably more complex, and the additional security is typi- 
cally provided in a considerably more sophisticated manner, 
either by means of the transfer of assets to a special purpose 
vehicle (SPV) or synthetically, through, for example, the trans- 
fer of credit risk using credit derivatives. Instead of being 
based solely on the intrinsic creditworthiness of the issuer or 
borrower, structured products analysis takes account of a large 
variety of other criteria. Note that in the wake of the global 
credit crisis of 2007-2010, demand for structured products fell 
significantly. It can be expected, however, that at some stage 
demand may resume, albeit not to the same extent as previ- 
ously nor for the breadth of complex instruments as existed 
before the crisis. 


By Type of Entity Analyzed 


Credit analysis is usually categorized into four fields. These cor- 
respond to the four basic types of credit exposures, namely: 


1. Consumer 

2. Corporate 

3. Financial institution 

4. Sovereign/municipal (subnational) 


As illustrated in the first two job descriptions provided at the 
beginning of this chapter, the consumer credit analyst only 
rarely engages in intensive examination of an individual's 
financial condition. Because, as suggested, case-by-case inten- 
sive analysis of individuals for personal lending purposes is 
seldom cost-effective, most consumer credit analysis is highly 
mechanized through the use of scoring models and similar 
techniques. As a result, unless concerned with modeling, sys- 
tems development, or collateral appraisal, consumer credit 
roles often tend to be broadly clerical in nature. Hence, for our 
purposes, the main areas of credit analysis can be simplified to 
three as follows: 


1. Corporate 
2. Financial institution 
3. Sovereign/municipal 


Each of these fields—corporate credit analysis, sovereign credit 
analysis, and financial institution credit analysis—is a specialty 


in its own right. This chapter focuses on the analysis of financial 
institutions, and, more particularly, on the analysis of banks. 
Both corporate credit analysis and sovereign/municipal analysis 
are, however, discussed as a passing knowledge of each field is 
useful background for the bank credit analyst. 


Note that, in practice, there is often a degree of overlap among 
the categories. Within a particular institution a single analyst 
may, for example, be responsible for both financial institutions 
and corporates. In a similar fashion, the analysis of sub-sover- 
eign entities such as municipalities or public sector agencies 
may be grouped as a separate category from sovereign analysis 
or combined with corporate or financial institution analysis. 


Finally, in the realm of both counterparty credit analysis and 
fixed-income analysis, in respect to the three categories of credit 
analysis discussed below, a distinction can be made between 

(1) the generic credit evaluation of an issuer of debt securities, 
without reference to the securities issued; and (2) a credit evalu- 
ation of the securities themselves. As a rule, an analysis of the 
former is a prerequisite to conducting an analysis of the latter. 


Corporate Credit Analysts 


Corporate credit analysts evaluate the credit risk of nonfinancial 
companies, such as industrial enterprises, trading firms, and 
service providers, generally for purposes of either lending to 
such organizations, holding their securities, or providing goods 
or services to them that give rise to credit risk. Since banks pri- 
marily lend not to other banks but to nonfinancial organizations, 
the preponderance of credit analysis performed within banks 

is corporate in nature. Compared to the analysis of financial 
institutions, where ongoing and long-standing counterparty 
relationships with other financial institutions involving multiple 
transactions are customary, corporate credit analysis tends not 
only to be more specialized by industry, but also more oriented 
toward specific transactions as opposed to the establishment of 
continuing relationships. 


The largest of the three main areas in which analyst-driven 
research is performed, corporate credit analysis is also the most 
diverse, ranging considerably in terms of the industrial and 
service sectors, products, scale, and the geographical regions 
of the firms that are the targets of evaluation. While the core 
principles of corporate credit analysis remain largely the same 
across nonfinancial sectors, specific industry knowledge is often 
an important part of the corporate credit analyst's skill set. It 
follows that, while corporate credit analysis itself is an area of 
practice, within the field as a whole analysts frequently concen- 
trate on particular industry sectors such as retailing, oil and gas, 
utilities, or media, applying sector-specific metrics to aid in their 
assessment of credit risk. 
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Such specialization within the realm of corporate credit risk eval- 
uation is most apparent in fixed-income analysis and at the rat- 
ing agencies, since both almost always involve more intensive 
and primary research than is required for risk management 
within financial institutions.” As an illustration, a U.S.-based 
global investment bank would approach the division of responsi- 
bility among corporate credit analysts with each analyst taking 
responsibility for just one or two sectors, while some analysts 
would have a regional brief. In this example, corporates are 
broadly classified as falling into one of the following sectors: 


e Transportation and vehicle manufacture 

e Paper and forest products 

e Natural resources (excluding forest products) 
e Chemicals 

e Energy 

e Property 

e Telecom/media 

e Utilities 

e Sovereigns 


In the same way that the sector being analyzed influences the 
analytical approach, so too may the scale of the business affect 
the analytical methodology. The analytical tools and metrics 
applied to small businesses—which are increasingly the target 
of bank business lending as large enterprises gain access to the 
capital markets—may differ from those applied to publicly listed 
multinational enterprises. Compared to large listed organiza- 
tions about which there is much publicly available information, 
more field and primary research may be needed in respect to 
small- and medium-size enterprises as well as more intensive 
scrutiny of the owners and managers. Lastly, since cash flow 
analysis is especially critical in evaluating corporate credit risk 
and the analyst is likely to assess the creditworthiness of firms in 
more than one industry, accounting skills perhaps take on some- 
what greater importance in the corporate credit realm than in 
respect to financial institutions. 


Bank and Financial Institution Analysts 


Another category of credit analysis looks at banks and other 
financial institutions, and its corresponding objective is to assess 
the creditworthiness of financial intermediaries. In contrast to 
corporate credit analysis, this function will be only infrequently 
performed for the purpose of making conventional lending 


> There are, of course, exceptions, as when a bank is contemplating 
advancing a very large loan or engaging in another type of transaction 
of comparable magnitude. 


decisions. Instead, the analysis of a particular bank is gener- 
ally undertaken either in contemplation of entering into one or 
more usually multiple bilateral transactions with the bank as a 
counterparty. As noted previously, banks and other financial 
institutions can also be assessed with reference to and as part 
of an analysis of debt instruments or securities issued by such 
institutions. 


As noted previously, the term counterparty refers to a financial 
institution’s opposite number in a bilateral financial contract. 
The credit risk that arises from such transactions is often called 
counterparty (credit) risk, and bank and financial institution ana- 
lysts whose role is to evaluate the credit risk associated with the 
transaction are frequently called counterparty credit analysts. 
Whatever their title, the focus of counterparty credit analysts 

is on the potential credit risks that result from financial transac- 
tions, including settlement risk. 


Counterparty credit analysts may also have responsibility for 
setting exposure limits to individual institutions or countries, or 
participate in the process of making a decision as to whether to 
extend credit or not. Because the vast majority of financial trans- 
actions involve banks or other financial institutions on at least 
one side of the deal, counterparty credit analysts are generally 
employed mainly by such organizations. For the same reason, 
banks and other financial institutions are the principal targets of 
this type of credit analysis. 


à 


To both counterparty and corporate credit analysts employed 
by a financial institution, the type of exposure anticipated, 
whether a conventional plain vanilla transaction or one more 
complex is contemplated, will often affect the analysis under- 
taken and the conclusions reached. The reason for this, which 
was discussed in the preceding chapter, is that the type of 
product from which the prospective credit risk arises can have a 
substantial impact on the severity of any loss incurred. Equally, 
the length of time over which the credit exposure will extend— 
that is, the tenor of the exposure—is an important credit 


consideration. 


The vast majority of counterparty transactions involve the 
following product categories: 


e Financing or obtaining funding directly through the interbank 
market on a senior unsecured basis 


e Financing or obtaining funding through repurchase (repo)/ 
reverse repurchase (reverse repo) transactions 


e Financing or obtaining funding through the lending or bor- 
rowing of securities 
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e Factoring, forfeiting, and similar types of receivables finance 


e Holding or trading of debt securities of banks and other 
financial companies for trading or investment purposes 


e Foreign exchange (FX or forex) dealing, including the pur- 
chase or sale of FX options and forwards 


e Arranging or participating in other derivative transactions 
including, for instance, interest rate swaps, foreign-exchange 
swaps, and credit derivatives 


e Holding or participating in securitizations or structured 


finance that gives rise to counterparty credit risk 


e Correspondent banking services, including trade finance 
effected through documentary letters of credit 


e Custodial and settlement services 


Sovereign/Municipal Credit Analysts 


A third category of credit analysis concerns the assessment of 
sovereign and country risk. Governments throughout the world 
borrow funds through the issue of fixed-income securities in 


local and international markets. Sovereign risk analysts are there- 


fore employed to assess the risk of default on such obligations. 
(Technically, governments do not go bankrupt, although they 
may default on their obligations.) Sovereign analysis is, however, 


relevant not just to profiling the risk associated with government 
debt issues. It also provides the context for evaluating credit risk 


in respect to other exposures. Hence, sovereign analysts 


appraise the broader risks arising from cross-border transactions 
as well as from transactions directly with a nation, its subnational 


units (e.g., provinces and cities), or governmental agencies.° 


Sovereign analysts make use of tools that are analogous to 


those utilized by analysts assessing the risk of corporate entities, 


but that take into account the peculiar characteristics of govern- 
ments. Instead of looking at company financials, sovereign ana- 

lysts examine, among other metrics, macroeconomic indicators 

to gauge whether a government will have the wherewithal to 


repay its financial obligations to local and international creditors. 
Most sovereign risk analysts therefore have a strong background 


in economics. Sovereign risk also takes account of political risk, 
so it is also necessary for the analyst to have an understanding 
of the political dynamics of the country that is under review. 


© A distinction is sometimes made between sovereign risk analysis and 
country risk analysis. The term country analysis tends to connote a 
greater emphasis on the impact of a nation’s political, legal, and eco- 
nomic regime, together with potential changes in that regime, upon 
debt issuers within its borders, as well as those affecting the risks of 


foreign direct investment in the country. The difference between country 


risk and sovereign risk has become largely semantic, however, and in 
practice the terms are often used interchangeably. 


The Relationship between Sovereign 
Risk and Bank Credit Risk 


Sovereign risk and bank credit risk are closely linked, and each 
affects the other. In brief, the strength of a nation’s financial 
system affects its sovereign risk and vice versa. For this reason, 
the level of country or sovereign risk associated with a particu- 
lar market is a significant input in the credit analysis of banks 
located in that market. Although sovereign risk analysis is a 
distinct field from bank credit analysis, the bank credit analyst 
should have at least a passing familiarity with sovereign risk 
analysis (and vice versa). As part of the process of forming a 
view about the impact of the local operating environment on 

a particular banking industry, many bank analysts engage in a 
modicum of sovereign risk analysis while also relying upon the 
sovereign risk ratings and accompanying analyses published by 
the rating agencies or from internal divisions responsible for 


in-house assessments of sovereign risk. 
Sovereign risk has two distinct but related aspects. 


1. One is the evaluation of a sovereign entity as a debt issuer 
as well as the evaluation of specific securities issued by 
a sovereign nation, or by subnational entities within that 
nation. 


2. The other is the evaluation of the operating environment 
within a country insofar as it affects the banking system. 


Although the process of evaluating each aspect of sovereign, or 
country, risk is similar in both situations, they represent two dis- 
crete facets of credit risk analysis. The analysis of sovereign debt 
issues may seem to be outside the scope of this book, but, to 
the extent that such instruments are now found in the books of 
a growing number of banks, and even of small domestic banks, 
this will be of further concern to us. In contrast, the analysis of 
sovereign risk itself, as part of an evaluation of a bank’s operat- 
ing environment, is of critical importance to the overall evalua- 
tion of the institution's credit risk profile. 


While sovereign risk is in itself relevant to the analytical 
process, bank credit analysts are particularly interested in 
the systemic risk associated with a given banking indus- 

try. Systemic risk, which is closely related to sovereign risk 
and arguably a subset of it, refers to the degree to which a 
banking system is vulnerable to collapse, and conversely, to 
the strength and stability (or conversely the fragility) of the 
banking sector as a whole. Systemic risk is largely synony- 
mous with the risk of a banking crisis, a phenomenon char- 
acterized in part by the roughly contemporaneous collapse 
or rescue prior to collapse of multiple banks within a single 
jurisdiction. Figure 2.1 depicts the universe of credit analysis 
in a graphic format. 
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Bank credit risk modeling and early warning systems 
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GETEED The universe of credit analysis by subject of evaluation. 


Classification by Employer 


Another way to understand the work that credit analysts 
perform is to look at the types of organizations that employ 
them. A bank credit analyst, for instance, generally works 

in one of four primary types of organizations, which closely 
correspond to the functional roles described above. They are: 


1. Banks and related financial institutions 


2. Institutional investors, including pension funds and 
insurance firms 


3. Rating agencies 
4. Government agencies 


The first two categories are not entirely discrete. As discussed 
in the box labeled “Buy-Side/Sell-Side,“ banks and other 
financial institutions such as insurance companies may simul- 
taneously function as issuers, lenders, and institutional inves- 
tors, while other organizations that have investment as their 
primary function may offer additional services more typically 
associated with banks and may also include a significant risk 
management group. 


Banks, NBFls, and Institutional Investors 


Banks constitute the largest single category of financial institu- 
tions, and are the largest employer of credit analysts. Aside 
from banks, nonbank financial institutions (NBFls) are also 
significant users of these skill sets as well as being themselves 
objects of analysis. A major subcategory of NBFls is comprised 
of investment management organizations. As discrete 


_— T j 
~~ Individual credit risk analysis 


organizations, mutual funds, unit 
trusts, and hedge funds fall within this 
grouping. 


Sovereign 
credit 
analysis 


Rating Agencies 


Rating agency analysts are credit 
analysts who work for rating agencies 


Country and to evaluate the creditworthiness of 


sovereign credit 
risk modeling 


banks, corporations, and governments. 
The three major global agencies 

are Moody's Investor Services, 
Standard & Poor's Rating Services, 

and Fitch Ratings. In addition, local 
rating agencies in various countries, 
sometimes affiliated with the big 
three, may play an important role 

in connection with domestic debt 


markets. 


The three-step purpose of a rating agency analyst performing 
a credit evaluation for the first time will be to: 


1. Undertake an overall assessment of the credit risk associ- 
ated with the issuer 


2. Evaluate the features of any securities being issued in 
respect to their impact on credit risk 


3. Make a recommendation concerning an appropriate credit 
rating to be assigned to each 


BUY-SIDE/SELL-SIDE 


Institutional investors, and the investment analysts 
employed by them, are collectively referred to as the buy- 
side. Intermediaries that attempt to sell or make markets 
in various securities, together with the analysts who work 
for them, constitute the sell-side. There is some overlap, 
and it is possible for a financial institution to be on the 
buy-side and the sell-side at the same time. 


For example, a bank may sell securities to customers while 
also trading or investing on a proprietary basis. Similarly, 
while insurance firms are nominally in the business of 

risk management, they are also major institutional inves- 
tors. The premiums they collect need to be invested on a 
medium- or long-term basis to fund anticipated payouts 
to policyholders, and, as a result, they are important insti- 
tutional investors. As with banks, credit analysts employed 
by investment management organizations generally work 
in either a risk management capacity or an investment 
selection capacity. 
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THE RATING AGENCY ANALYST 


Credit analysts are employed by rating agencies to 
perform risk assessments that are distilled into ratings 
represented by rating symbols. Each symbol, through 
its letter or number designation, is intended to clas- 
sify the rated institution as a strong, average, or weak 
credit risk, and various gradations in between. The 
assignment of a rating to the bank will typically be sup- 
ported by an analytical profile, which represents the 
fruit of considerable primary research on the part of the 
analytical team. 


The credit rating will be used by risk managers and investors to 
determine whether the exposure or investment is attractive, as 
well as at what price it might be worth accepting. 


Government Agencies 


Governments function both as policy makers and regulators on 
the one hand, and as market participants on the other, issuing 
debt or investing through government-owned organizations. 
Government bank and insurance examiners are essentially 
credit analysts who function in a regulatory capacity, assessing 
the riskiness of a bank or insurance company to determine the 
institution’s soundness and its eligibility to continue to do busi- 
ness. With regard to governments or their agencies that act as 
market participants, the scope and legal status of such wholly 
or partly state-owned entities vary considerably from country 


THE RATING ADVISOR 


One role that makes use of credit analytical skills but 
does not easily fit into the classifications in this chapter 

is that of the rating advisor. Usually a former rating 
agency analyst, the rating advisor is normally employed 
by investment banks to provide guidance to prospective 
new issuers in the debt markets. As a rule, the rating 
advisor will make an independent analysis of a prospective 
issuer to gauge the rating likely to be assigned by one 

or more of the major agencies, and then counsel the 
enterprise on how to address its likely concerns. The 
rating advisor’s guidance will include advice on how to 
make a presentation to the rating agency analysts and 
how to respond to their questions. His or her job is as a 
behind-the-scenes advocate, seeking to obtain the best 
rating possible for the prospective issuer and working to 
see that it is given the benefit of the doubt when there is 
uncertainty as to whether a higher rating is justified over a 
lower one. 


to country. Generally, credit analysts within these institutions 
function in a similar manner to their counterparts at privately 
owned enterprises. 


Organization of the Credit Risk Function 
within Banks 


In looking more closely at those credit analysts who perform 
a risk management function on behalf of market participants, 
it may be useful to examine some common approaches to 
the organization of this function within institutions. There 

are several typical approaches. The usual one is to divide the 
functions between corporate, financial institution (Fl), and 
sovereign credit risk. The specific topic of structured credit 
analysis might also constitute a separate team within the 

Fl group. 


2.2 ROLE OF THE BANK 
CREDIT ANALYST: SCOPE AND 
RESPONSIBILITIES 


Having surveyed the various types of credit analysts, we now 
examine the principal roles of the bank credit analyst in more 
detail. In the previous section, we saw that within the category 
of bank credit analyst are a number of different subtypes. In this 
section, our focus is on the counterparty credit analyst and the 
fixed-income analyst. 


The Counterparty Credit Analyst 


The counterparty credit analyst is concerned with evaluating 
banks and other financial intermediaries as part of his or her 
own organization’s larger risk management function. The need 
for the evaluation of credit risk exposure to banks is an espe- 
cially important one. 


The Rationale for Counterparty Credit 
Analysis 


Undertaking credit risk exposure to other financial institutions 

is integral to banking. Banks take on credit risk exposure in 
respect to other banks in a number of different circumstances 
including trade finance and foreign exchange transactions. 

With regard to trade finance, banks ordinarily seek to cultivate 
correspondent banking relationships globally in order to 

build up their capacity to offer their importing and exporting 
customers trade finance services. Depending upon the structure 


of the banking system within a particular country, the proportion 
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of banks that are internationally active may represent a small or 
large percentage of the significant commercial banks. 


Such banks will have correspondent banking relationships 

with hundreds of financial institutions worldwide, and in large 
countries, local and provincial banks will have similar relation- 
ships with their counterparts in other geographic regions. 
Hence, unlike a bank’s corporate borrowers, which in most cases 
are likely to be based in the same region as the bank’s head 
offices (unless the bank has significant overseas operations), its 
exposure to other financial institutions in the form of exposure 
to correspondent banks may extend halfway around the world. 


In addition to the need of many banks to have international 
relationships with other banks around the world, under normal 
market conditions, banks frequently lend to and borrow from 
other banks. Such interbank lending serves to maintain a mar- 
ket for liquid and loanable funds among participating banks to 
meet their liquidity needs. Overall, exposure to other banks and 
other financial institutions is likely to be a substantial propor- 
tion of the bank’s overall credit risk (although not so large in net 
terms as it is in nominal or notional terms). Despite the need for 
banks to maintain ongoing transactional relationships with other 
financial institutions, their characteristic high leverage, among 
other traits, makes them not insignificant credit risks. Elevated 
leverage on both sides of a transaction makes each counterparty 
extremely sensitive to risk, and protecting against such risk 
constitutes a significant cost of doing business. 


Exacerbating the vulnerability of banks to credit risk with respect 
to other banks is the potential for a collapse of a single, compara- 
tively small bank to have repercussions far out of proportion to its 
size. The adverse effects can affect the business climate and econ- 
omy of a whole nation or region, while the failure of a major bank 
or multiple banks can be catastrophic, potentially resulting in a 
collapse of the local banking system. Although the total collapse 
of an internationally active bank is fairly rare in normal times, the 
events of 2008-2012 show how real a possibility they are. 


Credit Analyst versus Credit Officer 


Like the fixed-income analyst, the counterparty credit analyst's 
research efforts are undertaken with the objective of reaching 
conclusions and recommendations that will influence business 
decisions. In the case of a counterparty credit risk evaluation, 
this often takes the form, as previously suggested, of a recom- 
mendation that a particular internal rating be assigned to the 
institution just analyzed. The context for such a recommenda- 
tion may be an annual review or a specific proposal for business 
dealings with the subject institution (through the establishment 
of country limits or credit lines). 


The scope of analytical responsibility varies from bank to 
bank. At some institutions, the roles are entirely separate. 
The credit analyst's responsibility may be limited to analyzing 
a set of counterparties, as well as particular transactions, and 
preparing analytical reports, but might not extend to making 
credit decisions, or undertaking the related work of recom- 
mending credit limits and making presentations to the credit 
committee. Instead, this function might be the sole respon- 
sibility of the credit officer. Normally, under such a structure, 
the credit officer has first gained experience as a credit 
analyst and has acquired the intensive product knowledge 
enabling him or her to rapidly gauge the risk associated with a 
specific transaction. 


At other banks, these roles may be more closely integrated. 
The credit officer may also perform relevant credit analyses 
or reviews, and prepare applications for new credit limits or 
for annual reviews of existing limits. Irrespective of how the 
functions are defined at particular organizations, the term 
credit officer implies a greater degree of executive author- 
ity than that associated with the term analyst, which tends to 
connote an advisory rather than an executive function. Within 
financial institution teams, there may be a further functional 
separation between the role of the analyst and the role of the 
credit officer. 


At the executive level, the principal objectives of the counter- 
party credit risk team are: 


e To implement the institution's credit risk management 
policy with respect to financial counterparties by subjecting 
them to a periodic internal credit review, and with the aim 
of establishing prudent credit limits with respect to each 
counterparty. 


e To evaluate applications for proposed transactions, recom- 
mending approval, disapproval, or modification of such 
applications, and seeing the process through to its final 
disposition. 


As a practical matter, the relevant decision-making responsibility 
customarily extends to: 


* Authorizing the allocation of credit limits within a financial 
institution's group or among various product lines. 


e The approval of credit risk mitigants including guarantees, 
collateral, and relevant contractual provisions, such as break 
clauses. 


e The approval of excesses over permitted credit limits, or the 
making of exceptions to customary credit policy. 


e Coordination with the bank's legal department concerning 
documentation of transactions in order to optimize protec- 
tion for the bank within market conventions. 
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IEIR Selected Financial Products 


Simple Financial Products 


Term loans 

Documentary letters of credit 

Money market investments/obligations 
Investments in bonds/bond issues 
Spot transactions 


Interest rate swaps 


Depending on the organizational structure, credit officers may 
liaise with other departments within the bank such as those that 
are charged with monitoring limit violations, margin collateral, 
and market risk. In addition, credit officers may have respon- 
sibility for reviewing and recommending changes in bank credit 


policies.” 


The advent of Basel II and Basel III has meant that credit ana- 
lysts must provide their skill also to a new, gigantic, range of 
tasks for the benefit of risk management departments. This has 
introduced a new set of parameters in how the credit analyst 
approaches his or her duties. 


Product Knowledge 


Credit analysis cannot be divorced from its purpose or context. 
Certainly, the overall and ultimate objective of the credit risk 
management framework within which counterparty credit analysis 
takes place is to optimize—within regulatory constraints and inter- 
nal parameters—return on risk-adjusted capital. The myriad of 
financial products that a bank offers to its customers, however, 
together with the various trading and investment positions it takes 
in the operation of its business, engender a multitude of specific 
credit exposures. The more common of these were enumerated in 
the preceding section concerning bank and financial institution 
analysts. A more systematic list is provided in Table 2.1.8 


7 Note that in regard to credit officers covering financial institutions, 
some banks make a distinction between trading-floor credit officers, 
who have responsibility for credit decisions involving investment and 
trading operations, and those responsible for approving simple trade 
finance transactions, correspondent banking, and routine cash manage- 
ment activity, such as interbank borrowing and lending. 


8 Although for illustrative purposes we have frequently used the exam- 
ple of simple loan transactions, the credit exposures to which a bank 
may be subject are extremely diverse. They run the gamut from such 
basic term loans to highly sophisticated derivatives transactions and 
structured finance transactions. Each has its own risk characteristics, and 
risk-conscious financial institutions will ordinarily have credit policies in 
place governing their exposure to various types of transactions. 


More Complex Financial Products 


Mortgage-backed securities 
Asset-backed securities 

Credit default swaps 
Structured investment facilities 
Structured liquidity facilities 


Weather derivatives 


Although counterparties are likely to first be graded without 
regard to a particular transaction, a full estimation of credit risk 
requires that specific transactions also be rated with reference 
to the type of obligation incurred.’ In comparison to the expan- 
sive categories of obligations evaluated by rating agencies, a 
bank goes beyond a “rating exercise” to make decisions con- 
cerning specific limits on exposure and the approval or disap- 
proval of proposed transactions, together with required 
modifications if not approved in full. Such decisions cannot pru- 
dently be made without product knowledge, 1? which refers to 
the in-depth understanding of the characteristics of a broad 
range of financial products. These characteristics include: 


e The impact of the proposed transaction on the borrower's 
financials 


e The features of the obligation or product and its risk 
attributes 


e The amount and type of credit risk mitigation 


e Any covenant agreed to by the borrower 


There, credit analysis of the counterparty as a discrete entity 
merely represents only one input in the decision-making pro- 
cess. An equally essential part of the analytical process is the 
understanding of the risks associated with particular products or 
transactions. The counterparty credit analyst provides the initial 


? Similarly, external rating agencies will ordinarily evaluate a counter- 
party in a general manner, while debt securities will be assigned ratings 
based on features of the sort just mentioned. Issuer ratings may be 
made with reference to a specific debt issue or to a class of generic 
issues. Whether the issue rating is affected by the issuer rating assigned 
will depend upon the characteristics of the issue. In the recent past, the 
ratings of many structured products were decoupled from the ratings of 
the issuer or originator. 


10 It is not unusual for considerations beyond the estimated credit risk 
to affect the decision as to whether to approve or reject an application 
for a loan or other service or product subjecting the bank to credit risk. 
Such considerations could include the bank’s historical or desired future 
relationship with the customer, including the prospect of other business 
and similar considerations. 
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AN ADVERSARIAL ROLE? 


Whether supporting proprietary trading operations or cus- 
tomer business, the relationship between the credit officer 
and the front office is rarely adversarial. While the credit 
officer usually has the right to reject a proposed transac- 
tion, he or she must generally remain cognizant of the fact 
that banking is a risk-taking business and that it is profits 
from such risk taking that pay the bills. 


Consequently, the credit officer is generally expected to 
be receptive to concerns of the business and to look for 
ways to meet changing business needs while protecting 
the bank against undue credit risk exposure. The most 
successful banks are those that welcome and manage risk, 
and that price and hedge that risk appropriately, and the 
most effective credit officers are those who understand 
that a balance must be maintained between profits and 
prudence. 


credit evaluation supporting a recommendation concerning 
decisions on these points. Depending upon how responsibilities 
are divided, it may be up to the credit analyst or the credit offi- 
cer to supply the product knowledge against which appropriate 
credit judgments can be made. These decisions—as to whether 
an individual transaction will be entered into, and under what 
terms—are, of course, made with reference to internal policies 
and procedures. 


The Fixed-Income Analyst 


Credit analysts, as we have seen, may function not only as risk 
analysts, assessing and managing risk, but also as investment 
analysts assisting in the selection of investments. A relatively 
small proportion of these fixed-income analysts cover financial 
institutions. Such analysts may specialize in banks, or banks may 
just comprise a portion of their portfolio. Like equity analysts, 
fixed-income analysts make recommendations on whether to 
buy, sell, or hold a fixed-income security such as a bond. That 

is, they must ascertain the relative value of the security. Is it 
undervalued and, therefore, a good buy, or overvalued and con- 


sequently best to sell? 


Approaches to Fixed-Income Analysis 


Fixed-income analysis can be divided into fundamental analysis 
and technical analysis. Fundamental analysis explores many of 
the same issues that are undertaken when engaging in credit 
analysis for risk management purposes; that is, default risk. But 
the definition of credit risk applied may differ to a degree from 
that utilized by the counterparty credit analyst or the corporate 


THE FIXED-INCOME ANALYST 


The fixed-income analyst's goal is to help his or 

her institution make money by making appropriate 
recommendations to traders and to clients. As part of this 
objective, the fixed-income analyst seeks to determine 
the value of any debt securities issued by the bank, taking 
account of market perceptions, pricing, and the issue's 
present and prospective creditworthiness. This analysis is 
used to make recommendations to traders or investors 

to help them decide whether to buy, sell, or hold a given 
security. 


credit analyst. Technical analysis looks at market timing issues, 
which are affected by the risk appetite of institutional investors 
and market perception, as well as pricing patterns. Investor 
appetite is often strongly influenced by headline events, such as 
political crises, foreign exchange rates, and rating actions, such 
as upgrades or downgrades, by credit rating agencies. Most 
fixed-income analysts consider both fundamental and technical 
factors in making an investment recommendation. 


Impact of the Rating Agencies 


The impact of rating agencies on fixed-income analysis is 
twofold. 


First, by providing independent credit assessments of bond 
issues and of sovereign risk, rating agencies facilitate the estab- 
lishment of benchmark yield curves, and thereby strengthen 
markets and enhance liquidity. At the same time, assigned rat- 
ings tend to foster a market consensus on a particular issuer and 
thereby provide a basis for the determination of the relative 


value of the issuer's securities. |! 


Second, the perception of the likelihood of a rating action, both 
as an indicator of fundamentals and irrespective of them, may 
be factored into an investor's calculus. Ratings therefore play a 
critical role in fixed-income analysis in regard not only to the fun- 
damentals they reveal, but also the probability of rating actions 
being taken and the timing of such actions. See box entitled 
“Rating Migration Risk” in the previous chapter, page 16. 


11 Fixed-income analysts tend to integrate fundamental and technical 
analysis to a greater degree than do equity analysts. (Equity analysis is 
discussed in the following subsection.) Both equity and fixed-income 
analysis vary in respect of the audience to which the analytical reports 
are targeted. In the case of investment banks and brokerages, fixed- 
income analysis may be intended for clients, often institutional investors 
or asset managers, who will use the research to make their own trading 
decisions. Alternatively, fixed-income analysis may be intended primarily 
for a firm's own traders, who will use the research internally. 
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Whether designed for a bank’s customers or the bank itself, 
fixed-income analysis requires a good understanding of: 


e The elements that affect creditworthiness 
e How the issue and the issuer are perceived by the market 
e Market movements and dynamics 


e How rating agencies operate 


Often fixed-income analysts have had prior experience working 
as rating agency analysts. 


A Final Note: Credit Analysis versus 
Equity Analysis 


Much of the published analysis available on banks is produced 
by equity analysts for stock investors rather than by credit ana- 
lysts. The reason is that bank stocks are often of greater interest 
to the larger investment community than bank debt securities, 
which, at least in the past, were not as widespread globally as 


equity securities. 


The focus of equity analysis, it must be acknowledged, is often 
antithetical to the aims of credit research. Equity analysis con- 
centrates on determining whether a prospective investor should 
invest in the shares of a particular firm. The core questions that 
equity analysis seeks to answer are: 


e Which course of action will best profit an investor: to buy, 
sell, or hold the securities of the subject company? 


e What is the appropriate value of the company’s securities, 
based on the best possible assessment of its present and 
future earnings? 


Bank equity analysts, therefore, almost exclusively confine their 
analysis to publicly listed financial institutions (i.e., banks listed 
on a stock exchange), although they might also analyze a bank 
that is about to list or a government-owned bank that is about 
to be privatized. 


A principal indicator with which equity analysts are concerned 
in determining an appropriate valuation is return on sharehold- 
ers’ equity (ROE), a number that reflects the equity investor's 
return on investment. Since ROE is closely correlated with 
leverage, higher profitability does not necessarily imply higher 
credit quality; instead, as common sense would dictate, risk 
often correlates positively with return. In contrast to the equity 
analyst, the credit analyst tends to give greater weight to a 
variety of financial ratios that reflect a bank's asset quality, 
capital strength, and liquidity. Together, such indicators reflect 
the institution's overall soundness and ability to ride out harsh 
business conditions rather than merely its ability to generate 
short-term profits. 


Another salient difference between credit analysis and equity 
analysis concerns the extent to which financial projections are 
utilized. Equity analysts normally base their share price 
valuations on financial projections. (Such projections are, of 
course, derived from the historical data.) In contrast, historical 
financial data is the principal, if not sole, focus of credit 
analysts. 1? 


Despite this critical difference in approach between the equity 
analyst and the credit analyst, neither equity nor credit analysts 
are necessarily oblivious to credit or valuation concerns. Since 
shareholders are theoretically in the first loss position should a 
bank fail, it is understandable, and indeed crucial, that equity 
analysts pay some attention to credit risk. Indeed, credit 
considerations come to the fore during times of economic 
stress. The Asian crisis of 1997-1998 highlighted the need for 
analysts in the region to take into account a company’s financial 
strength and external support, as well as its profitability. 
Following the crisis, as Lehman Brothers’ analyst Robert 
Zielinski noted: 


In the past, most of the focus of an analyst's research was 
on the earnings line of the income statement. The ana- 
lyst projected sales based on industry growth, profit mar- 
gins, and net income. The objective was to come up with 
a reasonable figure for EPS growth, which was the main 
determinant of stock valuation. . . . Today, the analyst 
places most of his emphasis on the balance sheet. 
Indeed the most sought-after equity analysts in the job 
market are those who have experience working for credit 
rating agencies such as Moody’s.'9 


In a similar vein, a banking institution with a high proportion of 
bad loans and correspondingly high credit costs will probably 
not be the first choice for an equity analyst's buy list. 


Likewise, equity market conditions and performance of a partic- 
ular bank stock may, on occasion, be of interest to the bank 
credit analyst. For instance, dramatic falls in a bank’s stock price 
as well as the existence of long-term adverse trends are worth 
noting as they may, but not necessarily, suggest potential 
credit-related problems. Similarly, the credit analyst should have 
some sense of the bank's reputation in the equity markets as 


'2 This was not because credit risk analysis was not forward-looking, but 
because traditionally financial projections were perceived as too unreli- 
able. While accuracy in financial projection remains notoriously difficult 
to achieve, it would not be surprising if the use of financial projections 
to a limited degree, for the purpose of identifying potential unfolding 
scenarios, for example, could become more commonplace in the credit 
review context. 


'3 Robert Zielinski, Lehman Brothers, “New Research Techniques for the 
New Asia,” December 14, 1998. 
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ARE EQUITY INVESTORS SUBJECT TO CREDIT RISK? 


In discussing the influence of credit analysis on equity analysis 
and vice versa, an interesting question arises as to whether 
equity investors are exposed to credit risk. Are they? 


Although the purchase of ordinary shares will often be sub- 
ject to settlement risk, a form of credit risk, if that risk is put 
aside, then the answer, formally speaking, is “no.” Credit 
risk presumes the existence of a definite financial obligation 
between the creditor and the party to whom the credit is 
exposed to the risk of loss through the possibility of default. 
In other words, for credit risk to exist, there must be a corre- 
sponding financial obligation, either present or prospective, 
between the issuer and the investor. 


A common shareholder of an equity security is subject to 

a risk of loss but as a rule there is no financial obligation to 
redeem the investor's shares. His or her investment is per- 
petual, and no firm claim exists upon the firm’s assets; the 
claim is only upon the excess of assets over obligations to 
creditors at the time of liquidation. Similarly, there is no right 
on the part of the ordinary shareholder to dividends. Hence 
an equity shareholder is not subject to credit risk, though he 
or she is subject to market risk—the risk that the value of the 
investor's shares will drop to zero. 


that may have some effect on the institution’s capacity to raise 
new capital if required.'* This, in turn, will influence the per- 
ceived capital strength and liquidity of the institution. 


2.3 CREDIT ANALYSIS: TOOLS AND 
METHODS 


As with any field, credit analysis utilizes various tools and 
resources, employs recognized methods and approaches, and 
generates customary types of work products. In the usual course 
of events, the analyst will: 


e Gather information concerning a subject entity and industry 
from a range of sources. 


e Distill the data into a consistent format. 


14 Likewise, the bank's share price and recent or long-term price trends 
or volatility may very well have an impact on its ability to raise capital, or 
access liquid funds. For this reason, some credit analysts keep a weather 
eye on a bank's share price as a proxy for impending difficulties that 
may manifest in credit problems. More broadly, the usefulness of equity 
research, its techniques, or the fundamental data upon which it is based, 
depends on the bank analyst's role, the comparative availability of data 
for the institution that is the subject of analysis, and, naturally, upon 
whether the analyst has access to such material. 


In view of the weak position of shareholders vis-a-vis credi- 
tors in the event of a bank's failure, an equity investor is 
likely to be sensitive to the possibility of the value of his 

or her investment being wiped out completely. Insofar as 
the prospect of not just a zero percentage return but the 
loss of the entire investment is linked to the credit profile 
of the bank, which it indeed is, equity investors in practice 
are likely to perceive credit risk even if as shareholders 
they have no formal right to redeem their investment and 
must wait in line behind creditors in the event of liquida- 
tion. In any event, whether or not credit risk formally exists 
in relation to equity investors, there is no reason to think 
that credit assessment techniques should not be of benefit 
to equity investors in certain instances. In the same way 
that a fall in the credit quality of a debt security gener- 

ally results in a lower market price for the debt security, 

a decline in the credit quality of an enterprise that issues 
both debt and equity will tend to register downward pres- 
sure on the prices of both its debt and equity securities—all 
other things, of course, remaining equal. Hence, it would 
be entirely appropriate for equity analysts to employ the 
techniques of credit analysis to evaluate their prospects in 
such situations. 


e Compare the financial and other data with similar entities 
(peers), and to past performance. 


e Reach conclusions (and possibly make recommendations) 
that are ordinarily expressed in writing as credit reports or 
credit profiles. 


Although credit analysis in its various permutations has the same 
paramount goal—to come to a determination as to the magni- 
tude of risk engendered by a credit exposure, or conversely the 
creditworthiness of an entity—the analytical approach used will 
differ according to the circumstances. !° Hence, the combination 
of tools, methods, and the resulting work product will differ 
according to the nature of the analyst's role. 


Qualitative and Quantitative Aspects 


Credit analysis, as suggested in Chapter 1, is both a qualitative 
and a quantitative endeavor, involving a review of the company’s 
past performance, its present condition, and its future 
prospects. Aside from the purely mechanical credit scoring 
exercise, it is practically impossible to undertake an entirely 
objective credit analysis that considers only quantitative criteria. 


15 Recall that in Chapter 1, we observed that the category of borrower 


would influence the method of evaluating the associated credit risk. 


Chapter 2 The Credit Analyst MH 39 


APPROACHES TO EQUITY ANALYSIS 


Equity analysis can be divided into two broad approaches: 
fundamental analysis and technical analysis. Fundamental 
analysis examines the factors affecting a company’s earnings, 
including the company’s strategy, comparative advantages, 
financial structure, and market and competitive conditions. 

It attempts to ascertain whether the firm’s shares are under- 
valued or overvalued with respect to the firm’s present 

and projected future earnings. Thus, the core of the equity 
analyst’s work revolves around the constructing of financial 
projections upon which the analyst's estimated valuations are 
based. Making projections is largely about making assump- 
tions. Assumptions inevitably embody an element of subjec- 
tivity, and small differences in assumptions can result in large 
differences in the resulting calculations of expected future 
stock prices. Regardless of how estimated future prices are 
calculated, the resulting figures will determine in large part 
whether a recommendation to buy, sell, or hold is made. 


Similarly, a solely qualitative evaluation performed without 
quantitative indicia to support it is arguably more vulnerable to 
inconsistency, human prejudice, and errors of judgment. In prac- 
tice, the two aspects of analysis are inextricably linked. 


Quantitative Elements 


The quantitative element of the credit assessment process 
involves the comparison of financial indicators and ratios—for 
example, percentage rates of net profit growth or, in the case of 
a bank, its risk-weighted capital adequacy ratios. The juxtaposi- 
tion of such indicators allows the analyst to compare a compa- 
ny’s performance and financial condition over time, and with 
similar companies in its industry.'® In short, the quantitative 
aspect of credit analysis is underpinned by ratio analysis. 


Qualitative Elements 


Not all aspects of a company’s financial performance and con- 
dition can be reduced to numbers. The qualitative element of 
credit analysis concerns those attributes that affect the prob- 
ability of default, but which cannot be directly reduced to num- 
bers. Consequently, the evaluation of such attributes must be 
primarily a matter of judgment. For example, the competence 
of management is relevant to a firm’s future performance. It is 
management, of course, that determines a firm’s performance 


16 In most cases, credit analysis relies on historical financial data. In some 
situations, however, quantitative projections of future financial perfor- 
mance may be made. 


Technical analysis looks at patterns or, more accurately, per- 
ceived patterns, in share price movements to attempt to 
predict future movements. To the technical analyst, these 
patterns express common archetypes of market psychology, 
and technical analysis emphasizes the timing of the decision 
to buy or sell. Most equity analysts, whether covering banks 
or other companies, employ fundamental rather than techni- 
cal analysis as their primary tool, although technical factors 
will often be given some consideration. As opposed to tech- 
nical analysis, fundamental analysis is relatively unconcerned 
with market timing issues. Instead, it presupposes a generally 
efficient market amid which temporary inefficiencies may 
arise, enabling investors to find bargains. A corollary belief 

is that the market will ultimately recognize the true value of 
such bargains, causing share prices to rise to a level that bet- 
ter corresponds to that true value. 


RATIO ANALYSIS 


Ratio analysis refers to the use of financial ratios, such as 
return on equity, to measure various aspects of an enter- 
prise’s financial attributes for the purpose of respectively 
identifying rankings relative to other entities of a similar 
character and discerning trends in the subject institution's 
financial performance or condition. Ratios are simply frac- 
tions or multiples in which the numerator and denomina- 
tor each represent some relevant attribute of the firm or 
its performance. The most useful financial ratios are those 
in which the relationship between such attributes is such 
that the ratio created becomes in itself an important mea- 
sure of financial performance or condition. To return to 
the initial example, return on equity, that is, net income 
divided by shareholders’ equity, shows the relationship 
between funds placed at risk by the shareholders and the 
returns generated from such funds, and for this reason has 
emerged as a standard measure of a firm’s profitability. 


targets, plans how to reach these objectives while effectively 
managing the company’s risks, and that is ultimately responsible 
for a company’s success or failure. Ignoring such qualitative 
criteria handicaps the analyst in arriving at the most accurate 
estimation of credit risk. Certainly, management competence 
should be considered in the process of evaluating the firm's 
creditworthiness. Taking it into account, however, is very much a 
qualitative exercise. 


The qualitative and quantitative aspects of credit analysis are 
summarized in Table 2.2. 
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LE) #4 Qualitative versus Quantitative Credit Analysis 


Quantitative 


The drawing of inferences from numerical data. Largely 
equivalent to ratio analysis. Nominally objective. 


Requires criteria to be reducible to figures. More amenable to 
statistical techniques and automation. 


Cons | Pros | Co 


Pros 


Good starting point for 
analytical process. 


Permits use of various 
quantitative techniques. 


Shows correlations explicitly. 


Ignores assumptions and 
choices that underpin the 
figures. 


Numbers may often only 
approximate economic 
reality leading to erroneous 
conclusions. 


Ratios may not be answering 
the relevant questions. 


Qualitative 


The drawing of inferences from criteria not necessarily in 
numerical form. Nominally subjective. 


Relies heavily on analyst's perceptions, experience, judgment, 


reasoning, and intuition. 


Holistic approach that does 
not ignore what cannot be 
easily quantified. 


Takes account of human 
judgment—does it pass the 
sniff test? 


Potentially allows financial 
vulnerabilities and ill-timed 
strategies to be identified as 
early as possible. 


Making the relevant 
distinctions may be difficult— 
more labor-intensive than 
quantitative analysis. 


Works best when analyst is 
highly skilled and experienced 
so requires more training and 
judgment. 


May encourage inconsistency 
in ratings owing to differing 
individual views of the 
importance of different factors. 


Not all elements of credit 
analysis can be reduced to 
numbers. 


Facilitates consistency in 
evaluation. 


Intermingling of the Qualitative and 
Quantitative 


Certain elements of credit analysis are inherently more qualita- 
tive in nature while others are more quantitative (see Table 2.3), 
although almost always some of both can be found. As previ- 
ously suggested, the evaluation of a borrower's stand-alone 
capacity to service debt is, in general, predominately quantita- 
tive in nature. Evaluation of its willingness, however, is predomi- 
nately qualitative in character. 


Indeed, practically all facets of credit analysis simultaneously 
include both quantitative and qualitative elements. A bank’s 
loan book, for instance, can be evaluated quantitatively in terms 
of nonperforming loan ratios, but a review of the character 

of a bank's credit culture and the efficacy of its credit review 
procedures is, as with an evaluation of management, largely a 
qualitative exercise. In the same way, those essentially qualita- 
tive elements of credit analysis, such as economic and industry 
conditions, are often amenable, to a greater or lesser degree, 
to quantitative measurement through statistics such as GDP 
growth rates or levels of nonperforming loans. Conceptually, 
any qualitative analysis can reach a degree of quantification, if 
only through the use of a scoring approach. The qualitative com- 
ponent of quantitative indicators may not always be as obvious. 


FINANCIAL QUALITY: BRIDGING 
THE QUANTITATIVE-QUALITATIVE 
DIVIDE 


If corporate credit analysts benefit from an ability to rely 
more on quantitative analysis, and if financial institution 
credit analysts benefit from being able to focus on a com- 
paratively homogeneous sector, one area where both face 
a new challenge is in the analysis of financial quality. By 
financial quality analysis is meant financial evaluation that 
goes beyond reported numbers to look at the quality of 
those numbers and the items they are measuring. Con- 
sider one aspect of financial quality to which attention has 
long been given: asset quality. To a bank credit analyst, 
an evaluation of asset quality, the assessment of a bank's 
loan book, is a critical and traditional part of the analytical 
process. To a corporate credit analyst, asset quality usually 
means the value of a firm's inventory, or to a lesser extent, 
its fixed assets. Financial quality encompasses other finan- 
cial attributes including earnings quality—how real is the 
income reported?—and capital quality. If assets are dubi- 
ous, then by definition, so is the corresponding equity. 
The all-important matter of liquidity quality in banks has 
shown its relevance in the long financial crisis that started 
in 2007, in particular during the subprime crisis of 2008 
and the European debt crisis of 2011. These matters are 
discussed in greater depth later in this chapter. 
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IEICE Æ] Ouantitative-Qualitative Matrix 


Element 


Obligor 


Conditions Obligation 
characteristics 


Collateral (credit risk 
mitigants) 


Method of Evaluation 


Appraisal (for collateral) and 
characteristics of obligation (if a 


Emphasized Evaluation 


Mode Mainly Affects 


Capacity Financial analysis Reputation, Quantitative Qualitative PD 
Willingness track record 
Country/systemic risk analysis Mix Qualitative All 
Product analysis 


LGD and EAD 


financial collateral); capacity and 
willingness (for guarantor), etc. 


(See the box entitled “The Hidden Qualitative Aspects of Quan- 
titative Measures” on below.) Other considerations, such as the 
degree of ability of the central bank to supervise banks under its 
authority, are more subjective in nature, but nevertheless com- 
parative surveys on bank regulations or bank failures may func- 
tion as rough quantitative proxies for this attribute. 


Macro and Micro Analysis 


The process of bank analysis cannot be done in isolation. 
Instead, the analyst must be aware of the risk environment 

of the markets in which the bank is situated and in which it is 
operating, as well as the economic and business conditions in 
the financial sector as a whole. In this context, sovereign and 
systemic concerns must also be taken into account, as must 
the legal and regulatory environment, and the quality of bank 
supervision. 


At the same time, although the foregoing macro-level criteria 
will influence a bank's credit risk profile, to be of practical use 
the credit risk of a particular institution must be gauged rela- 
tive to its previous results and to similar entities. In other words, 


THE HIDDEN QUALITATIVE ASPECTS 
OF QUANTITATIVE MEASURES 


Even seemingly quantitative indicators often have a quali- 
tative aspect. In particular, financial ratios are considerably 
more malleable than may be first assumed. Accounting 
and regulatory standards, and the scope and detail of dis- 
closure, vary considerably around the world, with the more 
highly industrialized countries typically maintaining stricter 
standards. For this reason, analysis of banks in emerging 
markets frequently requires a greater component of quali- 
tative assessment, since the superficially precise financial 
disclosure is not always to be trusted. 


to rank a bank’s comparative credit risk, the analyst needs to 
judge the bank he or she is appraising with reference both to 
the bank’s own historical performance and to its peers, while 
taking account of operating conditions affecting players within 
and outside of the financial industry. Table 2.4 summarizes the 
principal micro- and macro-level criteria to be considered in the 
analytical process. 


An Iterative Process 


This said, when looking at a market for the first time, the ques- 
tion arises: Analyze the individual banks first, or the banking 
system as a whole? The analyst confronts something akin to 

a chicken-and-egg problem. Since individual banks must be 
viewed in context—that is, in relation to other institutions within 
the industry, particularly to those similarly situated—the relevant 
banking system requires an analyst's early attention. 


But the system or sector as a whole cannot be fully understood 
without knowledge about the problems and prospects of spe- 
cific banks. For example, key ratios such as average loan growth 
may not be available until a large proportion of the individual 
banks have been analyzed and the data entered into a system 
spreadsheet. |” 


To analyze an unfamiliar banking industry, it might be helpful 

to begin with initial research into the structure of the system as 
a whole, the characteristics of the industry, and the quality of 
regulation. In this way, a background understanding of the level 
and nature of sovereign and country risk may be obtained. This 
could be followed by a review of the major commercial banks, 
to provide a foundation and a benchmark for a review of smaller 


17 The issue of where to start will be of lesser concern when third-party 
data providers are used, but there may be occasions when such data 

is unavailable on a timely basis and sector benchmarks must be estab- 
lished independently. 
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IEI CYA Micro Level versus Macro Level 


Micro Level Criteria 


Found at the individual bank level and in relation to close 
peers, for example, financial performance, financial condition 
(liquidity, capital, etc.) management competence 


Quantitative 


Evaluation of bank manage- 
ment, its reputation and busi- 
ness strategy 


Comparing a bank’s earnings 
and profitability with its peers; 
observing changes in bank's 
capital strength over time 


Projecting future changes in 


financial attributes results 


and likely second- and third-tier institutions. Finally, with a more 
detailed and comprehensive understanding of the sector, the 
analyst might return to a more macro perspective, preparing a 
review of the country’s entire banking sector, highlighting the 
impact of key players, and differentiating the various categories 
of institutions operating within the industry. 


Peer Analysis 


It is evident that a comprehensive bank credit analysis incorpo- 
rates both quantitative and qualitative reviews of the subject 
bank, and compares it against its peers and with the bank’s his- 
torical performance.'® The comparison with peers is called peer 
analysis, and the comparison with historical performance is 
called trend analysis. The comparison with peers is undertaken 
to establish how a bank rates in terms of financial condition and 
overall creditworthiness among comparable institutions in the 
banking system. 


Resources and Trade-Offs 


While time available and the depth of any accompanying written 
analysis may vary, the analyst’s principal tools remain the same. 
See Table 2.5. It is evident that the volume of resources applied 
to each type of bank credit analysis will differ according to the 
analyst's situation and aims, as well as availability. 


18 Although less relevant than it was in the past, the CAMEL model of 
analysis, introduced later in this chapter, provides a generally accepted 
framework for analyzing the creditworthiness of banks. CAMEL is 

an acronym for Capital, Asset quality, Management, Earnings, and 
Liquidity. 


Judging the quality of reported | Noting changes in industry 


Macro Level Criteria 


Found in the operating environment, e.g., market/sectoral 
trends, sovereign/systemic/legal and regulatory risk, economic 
and business conditions, industry conditions, government 
support 


Qualitative Quantitative Qualitative 


Reviewing systemic risk and 
impact of changes in the 
business environment—e.g., 
from new legislation 


Establishing correlations 
between financial variables 
such as increasing sector loan 
growth and NPL ratios 


Assessing the likelihood of 
government intervention 


(support) 


profitability over time; forecast- 
ing future changes 


WHAT IS A PEER? 


The term peer is often used in bank credit analysis to refer 
to an entity of a similar size and character to the entity 
being examined. It is essentially synonymous with the 
term “competitor.” A peer group might vary in size from 

3 institutions to 50 or more. In most cases, however, the 
number in the group will be between 3 and 15. 


Usually, but not always, the institutions will be based 

in the same jurisdiction. When evaluating mid-sized 
commercial banks, for example, the peer banks will 

in most cases be banks of similar size based in the 

same country. When evaluating institutions having a 
global reach, the largest investment banks for example, 
institutions of similar size but based in different countries 
might be selected. 


Finally, when the relevant market includes more than 
one country, such as Europe, banks of a similar nature, 
such as Spanish cajas and German Sparkassen (both 
forms of regional savings banks) may be compared 

on a transnational basis. When matching up entities 

in jurisdictions that have different regulatory regimes, 
however, care must be taken that such variances—in loan 
classification, for example—are taken into account. 


Limited Resources 


At one end of the spectrum is the bank rating analyst, upon 
whom the counterparty credit analyst may rely, who will be 
engaged in the production of independent research based on 
intensive primary and field research. In addition to examining 
the bank’s annual reports and financial statements, he or she will 
typically visit the bank, submit a questionnaire to management, 
and perform a due diligence investigation. In some markets, 
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LELJGF AJ Basic Source Materials for Bank Credit Analysis 


Material 


Annual reports 


Interim financial 
statements 


Financial data 
sources 


News services 


Rating agency 
reports and other 
third-party 
research 


Prospectuses and 
offering circulars 


Notes from the 


bank visit and third 


parties 


Contents 


Income statement, balance sheet, and 
supplementary financial statements. These are 
generally, but not in all cases, available on the web. 
If not, they are usually available by request. 


Interim financials are often limited to an unaudited 
balance sheet and income statement. 


A variety of electronic database and other search 
data services may be part of the bank credit 
analyst's kit. Some key ones include Bankers’ 
Almanac, Bloomberg, and Bankscope. Bankscope, 
in particular, is widely used by bank credit analysts. 
It provides re-spread data and ratios drawn from 
bank end-year and interim financial statements. 

In addition, a range of informational databases, 
statistical data sources, credit modeling, and pricing 
tools are also available from various vendors. 


News articles concerning acquisitions, capital 
raising, changes in management, and regulatory 
developments are important to consider in the 
analysis. Among the most well-known providers of 
proprietary news databases are Bloomberg, Factiva, 
and LexisNexis. 


Reports from regulatory authorities, rating 
agencies, and investment banks. Reports from the 
major rating agencies, Moody’s, S&P, and Fitch 
Ratings, are invaluable sources of information to 
counterparty credit analysts and fixed-income 
analysts. 


Prospectuses and other information prepared for 
the benefit of prospective investors may include 
more detailed company and market data than 
provided in the annual report. 


For rating agency analysts, the bank visit is likely 

to be supplemented by a questionnaire submitted 
by the agency and completed by the bank. Fixed- 
income analysts ordinarily will frequently make bank 
visits. Counterparty credit analysts are likely to make 
such visits only occasionally. 


Remarks 


Accompanying web-based analyst/investor 
presentations and press releases may also be a 
useful source of information. Financial data for a 
minimum of three years is recommended. 


In some jurisdictions, interim statements will only 
be provided in a condensed or rudimentary form 
with considerably less detail than in the annual 
statements. 


Although it is always good practice to consult 
the original financial statements, proprietary data 
services such as Bankscope are widely employed. 
Financial data services provide the advantage of 
consistency in presentation but may not always 
be available in a timely fashion for all institutions 
required to be evaluated. In addition, regulatory 
agencies in various markets may provide data useful 
to the analyst. In the United States, the Securities 
and Exchange Commission’s EDGAR database is 
one, while the bank database maintained by the 
Federal Reserve Bank is another. 


Newspaper and magazine clippings can be helpful 
but are time-consuming to collect; proprietary 

data services such as Factiva function as electronic 
clipping services and can collect reams of news 
articles very quickly. Where there is no access to 
such services, much of the same information can be 
obtained free of charge from the web. 


Counterparty credit analysts will necessarily 

rely to a great extent on rating agency reports 
when preparing their own reviews. Fixed-income 
analysts will engage in their own primary research 
but compare their own findings with those of the 
agencies in seeking investment opportunities. 


Documents prepared for investors often, as a matter 
of law or regulation, must enumerate potential risks 
to which the investment is subject. This can be quite 
helpful to bank credit analysts. In many jurisdictions, 
however, prospectuses are not easily accessible or 
may not add much new data. 


Banks often prepare a packet of information for 
rating agency analysts reviewing or assigning a 
rating. In addition to information formally obtained 
in the course of a bank visit, the analyst may also 
seek to obtain informal views about the bank from 
various sources. 


*Stock and bond prices available from sources such as Bloomberg, which is also a major financial news provider, may also be used for analytical 
purposes. 
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THE BANK VISIT 


Bank visits for due diligence purposes are most frequently 
made by rating agency analysts, for which they are a 
matter of course with regard to the assignment of a 
rating. Fixed-income analysts, as well as equity analysts, 
will also frequently visit with bank management, although 
often such meetings will take place collectively at ana- 
lysts’ meetings conducted by management. These usually 
coincide with the release of periodic financial statements. 
Because the evaluation by an agency or fixed-income ana- 
lyst can have a large impact on the ability of the bank to 
raise financing, it is generally easier for these analysts to 
gain access to senior managers than for the counterparty 
analyst. 


Counterparty credit analysts tend to make bank visits less 
frequently. There are two principal reasons. First, in view 
of the larger universe of banks that counterparty credit 
analysts generally cover, they will usually have compara- 
tively little time available to make bank visits. Second, 
senior bank officers cannot afford to be continually meet- 
ing with the hundreds of correspondent banks and other 
institutions with which they have a relationship. Unless the 
transaction is an especially important one to the counter- 
party, the analyst may be relegated to less senior staff, 
whose role it is to manage correspondent and counter- 
party banking relationships. 


the United States, for example, the rating agency analyst is per- 
mitted access to nonpublic information that is not available to 
investment and counterparty credit analysts. 


At the spectrum’s other end is the counterparty credit analyst 
assisting in the process of establishing credit limits to particular 
institutions. Owing to time and resource limitations, he or she is 
likely to rely largely on secondary source material, such as 
reports from rating agencies. Visits to institutions will usually be 
relatively brief and limited to those markets about which the 
analyst has the greatest concern. 1? In general, the rating agency 
analyst will engage in primary research to a greater extent while 
the counterparty credit analyst will depend more heavily on sec- 
ondary research sources. 


1? In effect, by relying on external rating agencies, the counterparty ana- 
lyst is outsourcing part of the credit function. Regulatory considerations 
may also come into play. Reference to the opinion of independent agen- 
cies may be required to satisfy rules governing the extension of credit 

or the making of investments at the organization at which the analyst is 
employed. Conversely, however, where the employing bank utilizes an 
internal rating-based approach to allocating capital, the use of an inter- 
nal rating system that is independent of external agency rating assign- 
ments may be an element of regulatory compliance. 


Primary Research 


Fundamental to any bank credit analysis are the bank's annual 
financial statements, preferably audited”° and preferably avail- 
able for the past several years—three to five years is the norm— 
accompanied by relevant annual reports, and any more recent 
interim statements. Other resources may include regulatory fil- 
ings, prospectuses, offering circulars,*' and other internal or 
public documents. 


As suggested above, thorough primary research would encom- 
pass making a visit to the bank in question, preferably to meet 
with senior management to gain a better understanding of the 
bank's operating methods, strategy, and the competence of its 
management and staff. 


The bank visit is practically a prerequisite for the rating agency 
analyst. Where such a due diligence visit is made, the rating 
agency analyst will almost invariably submit written questions or 
a questionnaire to the bank, and visit management. Indeed, best 
practice is for a team of at least two analysts to make a formal 
visit to the bank, with the visit lasting the better part of a day or 
more. The exception to this procedure comes in the case of 
unsolicited ratings,” which are prepared by the rating agency 
analyst on the basis of information publicly available. Even for 
such ratings, the agency analyst may nevertheless visit the 


20 The adjective preferably is inserted here only because in some emerg- 
ing markets, recent audited financial statements may be impossible to 
obtain, particularly in regard to state-owned institutions; and a trade- 
off surfaces between taking account only of audited data that is out of 
date and considering unaudited data that is current. Where government 
support is the primary basis for the creditworthiness of the entity, the 
use of unaudited data may shed additional light on the organization's 
performance. However, organizational credit policies may prohibit the 
use of unaudited data, and as a general rule unaudited data should not 
be used. Moreover, the absence of audited data in itself may fairly be 
regarded as an unfavorable credit indicator. 


21 Offering circulars and prospectuses are documents prepared in 
advance of a securities offering to inform prospective investors concern- 
ing the terms of the offering. Information concerning the issuer, its activi- 
ties, and notable risks is typically included in these documents. Often, the 
format and content of such documents will be governed by regulation. 


* Unsolicited ratings are assigned by an agency on its own initiative, 
either on a gratis basis or without a formal agreement between the 
agency and the issuer or counterparty. When the rating industry began 
in the United States in the early twentieth century, all ratings were unso- 
licited. The rating agencies relied on subscription revenue from inves- 
tors to support their operations and generate a profit. As the industry 
became established, however, an external rating effectively became a 
prerequisite to a successful debt issue. The rating agencies were then in 
a position to charge issuers for a rating. Such paid-for ratings are called 
solicited ratings, and have become the norm among the major global 
rating agencies. Nevertheless, unsolicited ratings still exist, particularly 
outside of major markets or in respect of companies that do not issue 
significant debt, but which are of interest to investors and counterpar- 
ties. Publicly available information provides the basis for such ratings. 
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institution and have an informal discussion with bank staff. For 
the bank rating analyst, however, such visits will normally be 


made whenever possible.” 


For the counterparty credit analyst, the decision whether to 
attempt to make a bank visit will naturally be contingent upon 
the resources available in terms of time and budget, the impor- 
tance of the relationship with the entity to be analyzed, and 
the degree of market consensus on the entity's financial condi- 
tion, as well as the likelihood that significant information will be 
gleaned from such a visit. As would be expected, managers at 


the bank to be evaluated must themselves be receptive to a visit. 


2.4 REQUISITE DATA FOR THE BANK 
CREDIT ANALYSIS 


The items needed to perform a bank credit analysis will depend 
upon the nature of the assignment undertaken, but in general 
the following resources should be reviewed: 


e The annual report, including the auditor's report, the financial 
statements and supplementary information, as well as interim 
financial statements 


e Financial data services and news services 


e Rating agencies, data from regulators, and other research 
sources 


e Notes from primary and field research 


The Annual Report 


Although the annual report may be full of glossy photos and 
what appears to be corporate propaganda, it should not be 
ignored. Much can be learned from it about the culture of the 
bank, how the bank views business and economic conditions, 
and management's strategy. As the annual report is prepared 

for the bank's shareholders and prospective equity investors, its 
thrust will be on putting the bank's operating performance in the 
best possible light. Bearing this in mind, an understanding of the 
management's side of the story can nevertheless provide a useful 


counterpoint to a more critical examination of bank performance. 


23 Note that unless the analyst is working in the capacity of bank exam- 
iner, there is normally no right of access to bank management. When 
performing a solicited (i.e., paid) rating, rating agencies will ordinarily 
enter into an agreement that ensures analyst access to management. 
Otherwise, such visits are made on a courtesy basis only, and in excep- 
tional cases the analyst may be unable to meet in person with manage- 
ment. In-house analysts, in particular, may have difficulty or may be 
shunted off to the investor relations or correspondent bank relations 
staff who often will be able to add little to the data provided in the 
bank's annual report. 


READING BETWEEN THE LINES 


When reading a company’s annual report, the analyst 
should ask himself or herself, “What points are being 
glossed over?” If liquidity appears to be a weak point, 
how does the company treat this issue? Is the concern 
addressed, or is it mentioned only in passing? What other 
scenarios might unfold besides management's rosy view of 
their firm's future? 


In addition to the intangible impressions it may engender, the 
bank's annual report will sometimes supply information on 
particular aspects of the bank’s operations not available in the 
financial statements. Not infrequently it may contain a wealth 

of mundane factual information, such as the institution’s history 
and the number of branches and employees, as well as useful 
industry and economic data. Similarly, significant information 
relating to the regulatory environment, such as changes in 
accounting rules or banking laws, can frequently be found in the 
annual report. 


The Auditor's Report or Statement 


The analyst should turn to the auditor's report at the start of the 
analysis to determine whether or not the auditor of the bank's 
accounts provided it with a clean or unqualified opinion.“4 The 
auditor's report will normally appear just prior to the financial 
statements. In essence, a clean opinion communicates that the 
auditor does not disagree with the financial statements pre- 
sented by management. It does not mean that the auditor might 
not have presented the financial information differently, choos- 
ing a different accounting approach or disclosing additional 
data. In other words, an unqualified opinion means that the 
financial statements as presented meet at least the minimum 


acceptable standards of presentation.*° 


Content and Meaning of the Auditor's 
Opinion 
The auditor's opinions vary somewhat in length and content 


depending upon the jurisdiction in which the audit was 
performed and the standards applied. Much of the content 


24 “Unqualified” means that the auditor has attached no additional con- 
ditions to its opinion, that is, the opinion is without further qualification. 


25 John A. Tracy, How to Read a Financial Report: for Managers, Entre- 
preneurs, Lenders, Lawyers and Investors, 5th ed. (New York: John Wiley 
& Sons, 1999). 
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LEIGE: The Auditor's Opinion: An Unofficial Translation Guide 


Boilerplate 


The auditors have audited specified 
financial statements of a certain date. 


Financial statements are the 
responsibility of the management of the 
company. 


The financial statements have been 
prepared in accordance with generally 
accepted local accounting standards and 
are free from material misstatement. 


The audit involved examining evidence 
supporting the statements on a test 
basis, which provide a reasonable basis 
for the auditor's opinion. 


In the opinion of the auditors, the finan- 
cial statements present that financial 
position fairly in all material respects as 
of the date of the audit. 


What This Means 


“Do not blame us, the auditors, for anything that occurred or became apparent after 
that date.” 


“We can only base our opinion on data provided by the company. If the data is 
inaccurate or fraudulent, blame company management, not us.” 


“The financial disclosure provided meets minimally acceptable local accounting 
standards or relevant regulations governing such disclosure. We have not detected 
any egregious errors or inaccuracies that are likely to have a major impact on any 
conclusion you may draw about the company for investment purposes.” 


“We have not scrutinized every single item of financial data or even most of them. 
This would cost a small fortune and take an exceedingly long time. Instead, as is 
deemed customary and reasonable in our profession, we have tested some data for 
discrepancies that might indicate material error or fraud.” 


“The financial statements might not be perfect, but they present a reasonable picture 
of the company’s financial condition, subject to the present standards set forth in law 
and generally followed in the industry, notwithstanding that higher standards might 
better serve investors.” 


will be boilerplate language used as a standard format, 

and designed primarily to shield the auditor from any legal 
liability.2° What is important is to watch out for any language 
that is out of the ordinary. A typical unqualified auditor's 
report will contain phrases more or less equivalent to those 
in Table 2.6.27 


As a reading of the table will make clear, a clean auditor's report 
does not ensure against fraud or misrepresentation by the com- 
pany audited. The fairly standardized language of the auditor's 
report, although varying from country to country, has evolved 
to emphasize the limitations in what should be drawn from it. 
Although audits could arguably be more thorough, the expense 
involved in checking most or all of the source data that make up 
a company’s financial statements other than on a test basis has 
been reasonably asserted to be prohibitive. 


Qualified Opinions 


A qualified opinion, that is, one in which the auditors limit or 
qualify in some way their opinion that the financial statements 


26 In other words, the language is largely intended to provide a defense 
against litigation that would seek to hold the auditor liable for any 
fraud or misrepresentation subsequently discovered in the financial 
statements. 


27 The vernacular translations supplied for each statement are the inter- 
pretations of the authors and, needless to say, have no official standing. 


provide a fair representation of the bank's financial condition, 
can be discerned in cases where additional items other than 
those mentioned above are added. A qualified opinion 

is easily identifiable by the presence of the word except in 
the auditor's statement or report. It is typically found 

in the concluding paragraph which usually starts with 

“In our opinion.” 


Typical situations in which an opinion will be qualified by the 
auditors include the following: 


e The existence of unusual conditions or an event that may 
have a material impact on the bank’s business 


e The existence of material related-party transactions 
e A change in accounting methods 


e A specific aspect of the financial reports that is deemed by 
the auditor to be out of line with best practice 


e Substantial doubt about the bank's ability to continue as a 


going concern 


Of course, the last type of qualification is the most grave and 
will justifiably give rise to concern on the part of the analyst. 
Not all qualifications are so serious and should be considered 
bearing in mind what else is known about the bank's condition 
and prospects, as well as the prevailing business environment. 
An extremely rare phenomenon is the adverse opinion, in 
which the auditors set forth their opinion that the financial 
statements do not provide a fair picture of the bank’s financial 
condition. 
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CASE STUDY: THE AUDITOR’S OPINION: THE CASE OF PHILIPPINE NATIONAL 


BANK 


Consider the case of Philippine National Bank (PNB), one 

of the banks in the Philippines—but which is not the central 
bank of the country—that were hardest hit by the Asian 
financial crisis of 1997. The auditor, SGV & Co., said in the 
last paragraph of the 2004 annual report: “In our opinion, 
except for the effects on the 2004 financial statements of 
the matters discussed in the third paragraph, the financial 
statements referred to above present fairly in all material 
respects the financial position of the Group and the parent 
company as of December 31, 2004 and 2003, and the results 
of their operations and their cash flows for each of the three 
years in the period ended December 31, 2004, in confor- 
mity with accounting principles generally accepted in the 
Philippines.” 


In the third paragraph, the auditor described a transaction 
involving PNB’s sale of nonperforming assets to a special- 
purpose vehicle. The losses from the sale of the transaction 


Philippine National Bank, as an example, attracted a serious 
qualification from its auditors in 2004 in a situation where a spe- 
cific aspect of the financial reports was deemed to be irregular. 


Although most auditors’ opinions are unqualified and therefore 
generally do not provide any useful information about the bank, 
a qualified opinion is a red flag even if it is phrased in diplomatic 
language, and even if the bank can hide behind the leniency of 
some regulation. The irregularities noted should be closely scru- 
tinized for their impact on financial reporting. 


Change in Auditors 


Like a poor credit rating, a qualified opinion is not something 
a company’s management wants to see. As it is manage- 
ment who generally selects and pays the auditing firm, it is 
sometimes not unreasonably perceived that when a company 
changes auditors it is the result of a disagreement about the 
presentation of financial statements or because the particular 
accounting firm is unwilling to provide a clean opinion. This is 
certainly not always the case, and the reasons for a change in 
auditor may be entirely different. In some countries, a change 
in auditors after a period of several years is mandatory, as 

a means of preventing too cozy a relationship developing 
between the auditor and the audited company. Nonetheless, 
changes in auditors should be noted by the analyst for possible 
further inquiry. 


were deferred over a 10-year period in accordance with 
regulatory accounting principles prescribed by the Philippine 
central bank? for banks and other financial institutions avail- 
ing of certain incentives established under the law. But SGV 
& Co. noted that had such losses been charged against cur- 
rent operations, as required by generally accepted account- 
ing principles, investment securities holdings, deferred 
charges, and capital funds as of December 31, 2004, would 
have decreased by P1.9 billion, P1.1 billion, and P3.0 billion, 
respectively, and net income in 2004 would have decreased 
by P3.0 billion. This would have been taken against a posted 
net income of about P0.35 billion in 2004. 


In his report on the 2010 accounts, the auditor still had to 
qualify his opinion as the reporting of the transaction did not 
comply with the rules of the Philippine GAAP for banks. This 
is not, of course, to say that the bank was doing anything ille- 
gal or was attempting to conceal the transaction. 


Who Is the Auditor? 


Finally, mention should be made of the organizations that 
perform audits. The accounting profession has consolidated 
globally into a few major firms.2” In some countries, however, 
independent local firms may have most or all domestic banks as 
their clients. While privately owned banks are usually audited by 
independent accounting firms, government banks sometimes 
are not. Special government audit units may perform the audit, 
or they may not be audited at all. 


Although there may be no significant difference in quality vis-a- 
vis a less well-known firm, an audit by one of the major interna- 
tional accounting firms may be perceived as affording a certain 
imprimatur on a bank's financial statements. The critical issue 
from the analyst’s perspective should not be the name of the 
firm, but whether the auditor has the expertise to scrutinize the 
enterprise in question. Bank accounting, for instance, differs in 
some key respects from corporate accounting, and a modicum 
of comfort can be drawn from an audit performed by a firm that 
has experience with financial institutions. Another point to keep 


28 In spite of its name, Philippine National Bank is not the central bank. 
The central bank is Central Bank of the Philippines or Bangko Sentral ng 
Pilipinas. 

2? Note that the large global accounting firms often operate through 
local affiliates that often have names different from their global affiliates. 
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in mind is that some local auditors might carry an internationally 
renowned brand name under arrangements that do not include 
following all technical and ethical rules in place within that inter- 
national audit firm. 


The Financial Statements: Annual 
and Interim 


The essential prerequisite to performing a credit analysis of a 
bank, or indeed any company or separate financial entity, is 
access to its financial statements, either in original form or pre- 
spread into a format suitable for analytical purposes.°? Without 
such financial data, quantitative analysis will be practically 
impossible. 


There are three primary financial statements: 
1. The balance sheet—to include off-balance-sheet items 
2. The income statement 


3. The statement of cash flows 


Of these, the balance sheet and the income statement are by far 
the most important to the analysis of banks. 


In respect to nonfinancial companies, the statement of cash 
flows is often considered to be the most important. The cash 
flow statement is not particularly helpful, though, in bank credit 
analysis. 


A fourth financial statement, the statement of changes in capital 
funds, is useful in both financial company and nonfinancial com- 
pany credit analysis. When available, it is particularly helpful in 
bank credit analysis, as it clearly shows changes in the capital 


levels reported by the institution.*' 


Timeliness of Financial Reporting 


The more timely the financial statements, the more useful they 
are in painting a picture of an institution's current financial 
condition. Unfortunately, not all banks issue their annual 
reports as soon as might be preferred. At best, publication of 
annual reports will follow within one to two months following 
the end of the financial year. On occasion, extraordinary 


30 It is assumed that readers will have some degree of understanding of 
accounting principles, if not an accounting background. 


31 The statement of changes in capital funds is sometimes reported in 
combination with one of the other statements, and at other times it is 
reported separately. In some markets, it may be omitted entirely. 


FINANCIALS 


Sometimes referred to as financials, financial statements 
are a form of published accounts that show a company’s 
financial condition and performance. There are three prin- 
cipal financial statements: 


1. The balance sheet (also called the statement of 
condition) 


2. The income statement (also called the profit and loss 
statement or P&L) 


3. The statement of cash flows (cash flow statement) 


Other financial statements may be published of which 
perhaps the most common is the statement of change in 
capital funds (the statement of changes in shareholders’ 
equity). To facilitate the analytical process, the reports 
published by companies will usually be modified, or re- 
spread, to present the financial data in a consistent man- 
ner across the sector so that like items can be compared 
with like items. 


Audited financial statements will ordinarily be found in 

a company’s annual report together with the auditor's 
report, supplementary footnotes, and a report from man- 
agement, the last of which may take a variety of forms 
(e.g., Chairman's Letter to Shareholders). Depending 
upon the jurisdiction and applicable rules, a company 
may issue interim financial statements semiannually or 
quarterly. Of course, for internal or regulatory purposes, 
special financial statements, normally unaudited, may be 
prepared. 


circumstances such as the need to restate?’ figures as the 
result of a regulatory action may delay publication. This is usu- 
ally not a positive sign. 


In other circumstances, the reasons for late publication are 
more innocuous. The bank may still be in the process of 
translating the report into another language, or there may 

be delays in printing. In such cases, depending upon the 
purpose and urgency of the review, the analyst might attempt 
to obtain preliminary or unaudited figures directly from 
management. 


32 Restated financial statements (restatements), also called restatement 
of prior-period financial statements, are adjusted and republished to 
correct material errors in prior financial statements or to revise previ- 
ous financial statements to reflect subsequent changes in an entity's 
accounting or reporting standards. 


Chapter 2 The Credit Analyst E 49 


As a rule of thumb, the less developed the market, the 
longer the delay in the publication of financial reports tends 
to be. The most dilatory in reporting financial data tend to 
be banks in emerging markets that are either government- 
owned institutions or are not publicly listed on a stock 
exchange. In extreme cases, an interval of up to two years 
may pass following the end of fiscal year before audited or 
official financial data are available for state-owned banks. It is 
evident that in such cases, the value of the reports will almost 
certainly be very limited.°° Still, some data is better than 
none and can at least provide the basis for a less than 
laudatory report. 


2.5 SPREADING THE FINANCIALS 


While the evaluation of the creditworthiness of a bank is, as 
suggested, both a quantitative and a qualitative endeavor, an 
examination of the quantitative financial attributes of the insti- 
tution is usually the first stage in forming a view concerning 

its overall credit quality. In this section, therefore, a bit more 
emphasis is placed on preparing to engage in the quantitative 
part of the analytical process. The initial step in this first stage, 
unsurprisingly, is to examine a bank’s financial statements. 


Making Financial Statements Comparable 


At the outset, we confront an obstacle that is not unique to the 
banking industry. In any given market, it is rarely the case that all 
banks, or all nonfinancial firms, for that matter, will adhere to any 
single standard format of account presentation. Instead, there 

is a great deal of variation in how banks present their accounts. 
While the key elements of published bank accounts tend to 

be arranged in a similar fashion, the proverbial devil lies in the 
details. Though guided by regulatory requirements—which have 
improved in recent times—and the advice of their auditing firm, 
each bank management will present its results according to its 
own preferences. 


Classification of particular line items and the level of disclo- 
sure will differ, as will the lucidity of the accompanying notes 
and explanatory material. Some financial statements provide 
extremely detailed data; others are more cursory. Likewise, 


some provide a great deal of useful information in the financial 


33 Where the subject institution is wholly owned by the national govern- 
ment, its credit risk may at times be found to be essentially equivalent 
to sovereign risk. In this situation, the standalone financial strength of 
the bank would be a secondary consideration and the delay in financial 
reporting less critical than it otherwise would be. 


statements themselves; others relegate data of interest to the 
accounting notes. Finally, some can be clearly understood, 

and others can be aggravatingly opaque. Were an analyst to 
proceed to examine a set of banks solely with reference to the 
financial statements released by management together with 
their annual reports, the exercise would be fraught with dif- 
ficulties. Owing to variations in disclosure, presentation, and 
classification, he or she would be constantly turning pages back 
and forth, checking definitions, and adjusting for differences in 
disclosure or categorization. Obtaining a clear picture of how 
each bank stacks up against others in the sector could be more 
frustrating than necessary. 


To simplify the analytical process and reduce the risk of error, it 
is common practice to arrange the financials of the banks to be 
analyzed on a spreadsheet in a simplified and consistent man- 
ner, so that like items can be more easily compared with like 
items. This process is called spreading the financials. The ana- 
lyst’s initial task therefore is to spread the financials to present 
the bank’s accounts consistently to facilitate their comparison. 
With the key financial data presented consistently, the analyst's 
next steps are to derive those ratios that will provide the best 
indication of the financial performance and condition of the 
bank and to collect the facts and information to be used to ren- 
der the requisite qualitative judgments as part of the analytical 
process. 


DIY or External Provider 


Spreading the data may be done in any number of ways. On the 
one hand, the process may be highly automated through links 
to internal or proprietary databases. In the case of banks, the 
leading product in the field is Bankscope, which is ubiquitous 
in counterparty credit departments around the world, although 
there are, of course, other sources. On the other hand, the 
analyst may need to convert the financial data independently 
provided by each bank into the format decided upon. The 
format itself may be prespecified, or it may be left up to the 
analyst's discretion. Naturally, even when a format is specified, 
the analyst may use his or her own working calculations to sup- 
plement the formal procedure. 


An advantage of spreading one’s own financials is that by com- 
pleting the process the analyst has already learned quite a bit 
about the bank, and is well on the road to preparing a report. 
Spreading financials requires an understanding of how the bank 
has characterized various items on the accounts, and in the 
process of making adjustments to fit the standardized spread- 
sheet, the analyst will glean a great deal of insight into the 
nature of the bank's activities and the performance of its busi- 
ness. Another advantage is that external data providers are not 
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infallible and may, either as a result of policy or error, character- 
ize particular items in a nonoptimal manner, and occasionally 

in a manner that can give a misleading impression. Where the 
analysis is of both a critical and intensive nature, rather than one 
that is routine, there is really no substitute for preparing one’s 
own spreads. Finally, where the requisite data are not available 
from a third-party provider, spreading one’s own financials will 
be the only alternative. 


The primary disadvantage to spreading financials independently 
is that it is often highly time-consuming and tedious work. In 
some cases, the accounts may be in a foreign language, further 
complicating matters. Moreover, the analyst’s workload, particu- 
larly the time allotted for each evaluation, may make spreading 
the data from scratch impractical. Having all the data available 
through an external provider in a standardized format obvi- 
ously speeds up the review process and enables the analyst to 
get on with making comparisons rather than spending a great 
deal of time re-entering data and deciphering items that may 
be irrelevant to the final review. With regard to an analytical 
team as a whole, the use of an external provider (or an internally 
maintained database) is likely to encourage a greater level of 
consistency in how the data are spread, absent close supervision 
of analysts, since the format used by the data provider will be 
the same for each. 


One has to recognize, though, that external providers are 
faced with the same problem as an analyst who performs his 
own data spreading: they sometimes have to take a view as to 
how some items should be split into separate subitems, or to 
the contrary as to how several items should be combined into a 
single one. While banks in advanced economies have little free- 
dom in the way they publish their figures, the situation could 
be different in emerging markets. As a result, good analysts 
might use external providers’ data as a basis, but would always 
revisit the matter through a direct study of raw data published 
by the bank. 


One Approach to Spreading 


Assuming no formal procedure is in place, it is a fairly simple 
matter to prepare a spreadsheet for the key data to be entered. 
Those skilled in manipulating Microsoft Excel and similar pro- 
grams, of course, can build customized spreadsheets that are 
highly automated and include built-in analytical tools. Table 2.7 
contains a very simplified version of a uniform spreadsheet that 
might be used for bank analysis. In this condensed version, 

we have only shown one year of financial data, and have also 
included formulas for the reader's reference, but comparisons 
across years are easily derived. While we have not yet discussed 
the particular financial attributes that the bank credit analyst 


seeks to evaluate, the illustration may perhaps serve neverthe- 
less as a reference point. 


It is important to note that a number of indicators cannot 
directly be derived from such a financial spreadsheet, as some 
figures are simply not disclosed by financial institutions, or when 
disclosed are not sufficiently transparent. 


At the upper left of the spreadsheet, descriptive information 

is provided concerning the institution, which in this case is a 
hypothetical name, “Anybank.” The left side of the spreadsheet 
shows a condensed income statement for Anybank, while the 
right side contains a condensed balance sheet. The far left-hand 
column shows how each line item in the income statement is 
derived, and the column to the right of it describes the line 
item. For example, interest income is designated as “A,” inter- 
est expense as "B,” and net interest income ”C” is therefore 
defined as A-B. The third column from the left shows amounts 
for each item. The right side of the spreadsheet showing assets, 
liabilities, and equity is analogous to the income statement on 
the left, with the item defined in the left-hand column (fourth 
from the left margin of the spreadsheet), the item description 

in the middle column, and the amount in the far right-hand 


column. 


2.6 ADDITIONAL RESOURCES 


The Bank Website 


The advent of the Internet has made the bank credit analyst's 
job easier.*4 No longer is it always necessary to request a bank’s 
annual report and wait weeks for its arrival. Annual reports, 
financial statements, news releases, and a great deal of back- 
ground information on the bank and its franchise can be 
obtained from the web. Moreover, the depth, interactivity, and 
overall quality and style of the site will say something about the 
bank as well as its online strategy. In addition, many banks will 
post webcasts of their results discussion with analysts together 
with the accompanying presentation. 


34 The pervasive publication of annual reports and financial statements 
on the World Wide Web has been a great boon to credit analysts gener- 
ally and considerably reduced problems in obtaining financial data in a 
timely manner. Consolidation in the financial services industry together 
with the ubiquity of third-party data providers—most notably Bankscope 
mentioned earlier—has facilitated the bank analyst's work by reducing 
the time spent on collecting and entering data. Nevertheless, there are 
some institutions that do not make their financial reports freely available 
through these channels. In such cases, there may be no alternative but 
to contact the bank directly and request that they be posted, e-mailed, 
or faxed as the case may be. 
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IE) JCF WA Simplified Uniform Spreadsheet for Bank Analysis 


Bank Name: ANYBANK 
Location: ANYTOWN, ANYLAND 
Period: Fiscal Year Ending: 12/31/ (Consolidated) 200X Currency ANYUNIT, millions 200X 
Definitions INCOME STATEMENT Definitions BALANCE SHEET—ASSETS 
A Interest Income 5000 a Cash and Near Cash 2400 
B Interest Expense 1000 b 1800 
C=A-B Net Interest Income 5000 c Government Securities 3600 
D=E+F Noninterest Income 3000 d Marketable Securities 3000 
E Fees and Commission Income 2000 e Unquoted Securities 200 
F FX and Trading Accounts 1000 f 171400 
G=C+D Operating Income 8000 g Due from Holding and Subsidiaries 0 
H=I+J+K Noninterest Expense (Operating Expense) 4000 h=sum(b!:g) Total Earning Assets 180000 
l Compensation and Fringe Benefits 2500 Li | Average Earning Assets o | 177500 
J Occupancy Expenses 500 j 0 
K Other Expenses 1000 k 20000 
L=G-H Preprovision Income (PPI) 4000 | 0 
M Loan Loss Provision (LLPs) 500 m 0 
N=L-M Net Operating Income after LLPs (NOPAP) 3500 n=ath+j+k+! 200000 
O Nonoperating Items 0 BALANCE SHEET—LIABILITIES and CAPITAL 
P=N-O Pretax Profit (excluding! nonoperating items) 3500 o 4600 
o Tax 120 | 110000 
R=P-Q Net Income before Minority Interest 2300 q 55000 
S Minority Interest 200 r=p+q 165000 
T Preferred Dividends 100 s 0 
U=R-S-T Net Income Attributable to Common 2000 t 15400 
Shareholders 

u=sumlo:t) 185000 
V Common Dividends 800 v 0 
W=U-V Retained Earnings 1200 w 0 


RATIOS | Shareholders’ Equity 15000 
PROFITABILITY CAPITAL 
X=R/aa Return on Assets 1.16% 15000 
Y=R/z Return on Equity 15.86% z o | Average Equity = sd 14500 
Z=C/| Net Interest Margin na faa | Average Assets o 197500 
ZA=H/G Efficiency Rato | ak | Contingent Accounts | 
ZB=H/as Cost Margin [ac | Risk-Adjusted Capital | 15000 
zc Effective Tax Rate, Reported | (ad | RiskWeighted Assets | 180000 
ZD=R/ad Return on Risk-Weighted Assets Lae | Tier2 Capital n 0 
CAPITAL ADEQUACY LOAN BOOK—ASSET QUALITY ITEMS 
ba=z/aa Equity/Assets (Avg) 7.34% | af Net Charge-Offs (NCOs) 200 
bb=z/| Equity/Earning Assets (Avg) 8.45% e eee 1800 
bc=x/f Equity/Loans 8.75% Nonperforming Loans 1000 
ee Day Past Due and Accruing (i.e., not 20 
a aninga as official NPL)" 
bd=y/ad Tier | 8.06% 
be=ae/ad eo a auo 50 
E TA OS T 
bg=n/x Leverage (times) 13.3 1170 
LIQUIDITY” ASSET QUALITY RATIOS 
bh=f/n Loans/Assets 85.70% 250.0% 
bi=f/r Loans/(Customer) Deposits 103.88% an=ag/f 1.1% 
bj=f/(r+0) Loans/Total Deposits 101.06% ao=am/(f+ak) NPAs/Loans+Other Real Estate Owned 0.7% 
bj=b/n Interbank Assets/Assets 0.90% = NPAs/Loans 0.7% 
bk=b/o Interbank Assets/Interbank Deposits 39.13% = Loan Loss Reserves/Nonperforming 180.0% 
Loans 
E a vr T 
Seo aoe E E 


i. Depending upon the definitions used, some cash/near cash items might be deemed to be “earning assets.” 
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ii. In contrast to usual reporting practice, for analytical purposes nonoperating items may be subtracted before calculating pretax profit or net income. 


iii. For reasons of space, special mention items (that is, problematic assets that do not meet aging criteria) are not shown. In some circumstances special mention items would 
not be considered official or technical NPLs and might be broken out as a separate line item. This line item hence could be regarded as official NPLs (meeting aging criteria) but 
nevertheless accruing (by reason of the bank's judgment) minus special mention items (nonofficial NPLs deemed by the bank to be problematic). 


iv. This line refers to foreclosed assets. 


"c " 


v. Analytical definitions of liquid assets would likely subject category “c” to a liquidity check taking account of local conditions and any formal restrictions on negotiability. 


News, the Internet, and Securities 
Pricing Data 


Annual reports are just about out-of-date the day they are 
published. Much can happen between the end of the financial 
year and the publication of the annual report, and the analyst 
should run a check to see if any material developments have 
occurred. An examination of the bank's website can be very help- 
ful here, but alternatively, a web search or the use of proprietary 
electronic data services such as Bloomberg, Factiva, or LexisNexis 
can be extremely valuable in turning up changes in the bank’s sta- 
tus, news of mergers or acquisitions, changes in capital structure, 


new regulations, or recent developments in the bank’s operations. 


Bond pricing will, of course, be a primary concern of the fixed- 
income analyst, but counterparty credit and rating agency 
analysts can make constructive use of both bond and equity price 
data when the bank is publicly listed or is an issuer in the debt 
markets. Anomalous changes in the prices of the bank’s securities 
can herald potential risks. The market will be the first to pick up 
news affecting the price of the bank's securities, and in this sense, 
it can function as a kind of early-warning device to in-house and 
agency analysts.°° Real-time securities data in emerging markets, 
as provided by Bloomberg, for example, can be costly, but then 
again the web with the emergence of search engines like Google 
has leveled the playing field making much of the same or similar 
business and financial news easy to access. 


Prospectuses and Regulatory Filings 


Prospectuses and offering circulars intended for prospective 
investors are published to enable them to better evaluate a 
potential investment. Generally speaking, their format and con- 
tent is restricted by regulation to compel securities issuers to 
present the benefits of the investment in a highly conservative 
manner and to highlight possible risks. In view of this latter 
objective, these documents can be, but are not always, rich 
sources of information about a bank. Their value depends a 
great deal on the market and upon the type of securities issue 
for which the prospectus was prepared. Prospectuses for equity 
and international debt issues may add substantial data beyond 
what was included in the latest annual report. In contrast, 
prospectuses for bank loan syndications and local bond issues 
may provide relatively little helpful information. Prospectuses, 
however, are not always easily accessible.2° Ongoing regulatory 
filings made with the securities regulator have a similar function, 


35 One should not read too much in such signals. 


36 Some prospectuses may be available from online data providers on a 
subscription basis. 


although they are intended to benefit buyers in the secondary 
market as well as the purchasers of new issues. 


Secondary Analysis: Reports by Rating 
Agencies, Regulators, and Investment 
Banks 


The use of secondary research will depend on the type of bank 
credit report being prepared. Rating agency analysts will often 
review official reports from central banks and government 
regulators, but, like fixed-income analysts, will avoid the use of 
competitor publications. Bank counterparty credit analysts, 
however, will rely to a greater extent on secondary research 
sources and less on primary sources. Their credit reviews are not 
intended for external publication, and the views of the rating 
agencies are not usually ignored. Investment reports prepared 
by equity analysts, although they take a different perspective 
from bank credit reports, can nevertheless be useful in helping 
to form a view concerning a bank. Since these reports are ordi- 
narily prepared for their investor-customers, very recent ones 
may not be easy to obtain. Such reports may be purchased, 
sometimes on an embargoed basis, from services such as those 


offered by Thomson Reuters.?” 


2.7 CAMEL IN A NUTSHELL 


Once all information, including an appropriate spreadsheet of 
the financials over several years, is available to them, bank credit 
analysts almost universally employ the CAMEL system or a 
variant when evaluating bank credit risk. Although originally 
developed by U.S. bank supervisors in the late 1970s as a tool 
for bank examination,?® it has been widely adopted by all rating 
agencies and counterparty analysts. Even many equity analysts 
draw on the CAMEL system to help them in making recommen- 
dations concerning the valuation of bank stocks. It is the 
approach we reluctantly explain in this chapter.°” 


37 Selected reports also may be available to Bloomberg or Factiva 
subscribers. 


38 Under the Uniform Financial Institutions Rating System adopted in the 
United States in 1979, the CAMELS system was formally adopted as the 
most comprehensive and uniform approach to assessing the soundness 
of banks, although as a formalized methodological approach appears 

to date back to the practices of bank examiners in the early twentieth 
century. 


3? It should be emphasized, however, that the financial services industry 
is rapidly evolving as banks engage in new activities. Refinements and 
alternative models to bank credit assessment methodologies, therefore, 
cannot be ignored. 
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CAMEL, CAMELS, AND CAMELOT 


The acronym CAMEL can also function as a mnemonic 
as illustrated in the list on this page. With no disrespect 
intended to the animal, the two humps on the camel that 


provide reserves of nourishment can be thought of as signify- 


ing C for capital and L for liquidity, both of which provide a 
bank with the reserve buffer necessary to absorb economic 
shocks. The animal's front legs pull it forward as do a bank's 
earnings, so long as they are not hindered by asset quality 
problems coming from behind. Finally, the camel’s head and 
eyes, which scan the desert horizon for the next oasis or dust 


storm, could stand for bank management. It is management's 
job to ensure the institution’s survival by obtaining the neces- 


sary sustenance while avoiding the perils that may befall it, 
particularly in turbulent times. 


In addition to the acronym CAMEL, another widespread vari- 
ant, CAMELS adds an “S” for sensitivity to market risk. This 


What is the CAMEL system? CAMEL is an oversimplification 
that does not catch all it should, and that does not give proper 
weight to the various elements. CAMEL is simply an acronym 
that stands for the five most important attributes of bank finan- 
cial health. The five elements are: 


C for Capital 

A for Asset Quality 
M for Management 
E for Earnings 

L for Liquidity 


All but the assessment of the quality of “management” are 
amenable to ratio analysis, but it must be emphasized that 
“liquidity” is very difficult to quantity. 


Since the term CAMEL was coined, banks have ventured into 
a number of types of transactions that no longer fit into those 


was Officially adopted by the Uniform Financial Institutions 
Rating System (UFIRS) in 1997. 


Under the UFIRS, the regulatory agencies evaluate and rate 
a bank's financial condition, operational controls, and com- 
pliance in six areas. These areas are Capital, Asset Quality, 
Management, Earnings, Liquidity, and Sensitivity to market 
risk. Each of these components is viewed separately and 
together to provide a summary picture of a bank’s financial 
soundness. 


The CAMEL model is also used in equity analysis. A vari- 
ant termed CAMELOT, developed by Roy Ramos at invest- 
ment bank Goldman Sachs (GS), added an “O” and “T” to 
the basic CAMEL root to represent evaluation of the bank’s 
operating environment and assessment of transparency and 
disclosure. 


five categories. Many such transactions are recorded off the 
balance sheet or, if they are recorded on the balance sheet, are 
prompted by asset/liability management needs, making the 
term asset quality too restrictive. But a camel would no longer 
be a camel without its “a” or with too many additional letters. 


Although sometimes termed a model, the CAMEL system is 
really more of a checklist of the attributes of a bank that are 
viewed as critical in evaluating its financial performance and 
condition. Nevertheless, it can provide the basis for more 

systematic approaches to evaluating bank creditworthiness. 


As used by bank regulators in the United States, the CAMEL 
system functions as a scoring model. Institutions are assigned 
a score between “1” (best) and "5" (worst) by bank examiners 
for each letter in the acronym. Scores on each attribute are 
aggregated to form composite scores, and scores of 3 or 
higher are viewed as unsatisfactory and draw regulatory 
scrutiny. 
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Capital Structure 


in Banks 


E Learning Objectives 


After completing this reading you should be able to: 


© Evaluate a bank's economic capital relative to its level 
of credit risk. 


® Identify and describe important factors used to calculate 
economic capital for credit risk: probability of default, 
exposure, and loss rate. 


© Define and calculate expected loss (EL). 
© Define and calculate unexpected loss (UL). 


© Estimate the variance of default probability assuming a 
binomial distribution. 


® Calculate UL for a portfolio and the UL contribution 
of each asset. 


© Describe how economic capital is derived. 
® Explain how the credit loss distribution is modeled. 


© Describe challenges to quantifying credit risk. 


Excerpt is from Chapter 5 of Risk Management and Value Creation in Financial Institutions, by Gerhard Schroeck. 


In this section we will first define what credit risk is. We will then 
discuss the steps to derive economic capital for credit risk and 
the problems related to this approach. 


Definition of Credit Risk 


Credit risk is the risk that arises from any nonpayment or 
rescheduling of any promised payments (i.e., default-related 
events) or from (unexpected) credit migrations (i.e., events that 
are related to changes in the credit quality of a borrower) of a 
loan! and that gives rise to an economic loss to the bank.” This 
includes events resulting from changes in the counterparty as 
well as the country? characteristics. Since credit losses are a pre- 
dictable element of the lending business, it is useful to distin- 
guish between so-called expected losses and unexpected 
losses* when attempting to quantify the risk of a credit portfolio 
and, eventually, the required amount of economic capital, intro- 
duced in Box 3.1. 


Steps to Derive Economic Capital for 
Credit Risk 


In this section, we will discuss the steps for deriving economic 
capital for credit risk. These are the quantification of Expected 
Losses (EL), Unexpected Losses (UL-Standalone), Unexpected 
Loss Contribution (ULC), and Economic Capital for Credit Risk. 


Expected Losses (EL) 


A bank can expect to lose, on average, a certain amount of 
money over a predetermined period of time? when extending 
credits to its customers. These losses should, therefore, not 


' This includes all credit exposures of the bank, such as bonds, customer 
credits, credit cards, derivatives, and so on. 


2 See Ong (1999), p. 56. Rolfes (1999), p. 332, also distinguishes 
between default risk and migration risk. 


3 Country risk is also often labeled transfer risk and is defined as the risk 
to the bank that solvent foreign borrowers will be unable to meet their 
obligations due to the fact that they are unable to obtain the convertible 
currency needed because of transfer restrictions. Note that the eco- 
nomic health of the customer is not by definition affected in this case. 
However, any changes in the macroeconomic environment that lead to 
changes in the credit quality of the counterparty should be captured in 
the counterparty rating. 


4 See, for example, Ong (1999), pp. 56, 94+, and 109+, Kealhofer 
(1995), pp. 52+, Asarnow and Edwards (1995), pp. 11+. 


4 Following the annual (balance sheet) review cycle in banks, this period 
of time is most often set to be one year. 


BOX 3.1 INTRODUCTION TO 
ECONOMIC CAPITAL 


Economic capital is an estimate of the overall capital 
reserve needed to guarantee the solvency of a bank for a 
given confidence level. A bank will typically set the confi- 
dence level to be consistent with its target credit rating. 


For credit risk, the amount of economic capital needed is 
derived from the expected loss and unexpected loss mea- 
sures discussed in this chapter. For a portfolio of credit 
assets, expected loss is the amount a bank can expect to 
lose, on average, over a predetermined period of time 
when extending credits to its customers. Unexpected loss 
is the volatility of credit losses around its expected loss. 
To survive in the event that a greater-than-expected loss 
is realized, the bank must hold enough capital to cover 
unexpected losses, subject to a predetermined confidence 
level—this is the economic capital amount. 


Economic capital is dependent upon two parameters, the 
confidence level used and the riskiness of the bank’s assets. 
As the confidence level increases, so does the economic 
capital needed. Consider a bank that wants to target a 
very high credit rating, which implies that the bank must be 
able to remain solvent even during a very high loss event. 
This bank must choose a very high confidence level (e.g., 
99.97%), which corresponds to a higher capital multiplier 
(CM) being applied to unexpected losses, increasing the 
amount of the loss distribution that is covered (as seen in 
Figure 3.2). Alternatively, a more aggressive bank would 
target a lower credit rating, which corresponds to a lower 
CM being applied to unexpected losses, decreasing the 
amount of the loss distribution that is covered. 


Similarly, as the riskiness of the bank's assets increases, 

so does the economic capital needed. Relative to a bank 
with low-risk credit assets, a bank with riskier credit assets 
will have a higher unexpected loss. Therefore, to meet the 
same confidence level, the bank with riskier credit assets 
will need greater economic capital. 


Holding less capital allows a bank the opportunity to 

achieve higher returns as it can use that capital to gen- 
erate returns elsewhere. Therefore, economic capital is 
an important feature of effective bank management for 
achieving the desired balance between risk and return. 


Provided by the Global Association of Risk Professionals. 


come as a surprise to the bank, and a prudent bank should set 
aside a certain amount of money (often called loan loss reserves 
or [standard] risk costs®) to cover these losses that occur during 


the normal course of their credit business.’ 


© See for example, Rolfes (1999), p. 14, and the list of references to the 
literature presented there. 


7 See Ong (1999), p. 56. 
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Even though these credit loss levels will fluctuate from year to 
year, there is an anticipated average (annual) level of losses over 
time that can be statistically determined. This actuarial-type aver- 
age credit loss is called expected loss (EL), can therefore be 
viewed as payments to an insurance pool,® and is typically calcu- 
lated from the bottom up, that is, transaction by transaction. EL 
must be treated as the foreseeable cost of doing business in 
lending markets. It, therefore, needs to be reflected in differenti- 
ated risk costs and reimbursed through adequate loan pricing. It 
is important to recognize that EL is not the level of losses pre- 
dicted for the following year based on the economic cycle, but 
rather the long-run average loss level across a range of typical 


economic conditions.” 


There are three components that determine EL: 


e The probability of default (PD),'° which is the probability 
that a borrower will default before the end of a 
predetermined period of time (the estimation horizon 
typically chosen is one year) or at any time before the 
maturity of the loan 


e The exposure amount (EA) of the loan at the time of default 


e The loss rate (LR), that is, the fraction of the exposure amount 
that is lost in the event of default,’' meaning the amount that 
is not recovered after the sale of the collateral 


Since the default event D is a Bernoulli variable, '* that is, D 
equals 1 in the event of default and 0 otherwise, we can define 
the expected amount lost (EL) in the event of a default as above 
(see Figure 3.1): 


Hence, 
EL, = EA,, — E(EA,) 


= EA, — [(1 - PD,) : EA, + PD,- (EA, (1 — LR,))) 
= PD, FA,,- LR, (3.1) 


8 See, for example, the ACRA (Actuarial Credit Risk Accounting) 
approach used by Union Bank of Switzerland as described in Garside 
et. al. (1999), p. 206. 


? Note that Expected Losses are the unconditional estimate of losses 
for a given (customer) credit rating. However, for a portfolio, the grade 
distribution is conditional on the recent economic cycle. Thus, losses 
from a portfolio as predicted by a rating model will have some cyclical 
elements. 


10 Often also labeled expected default frequency (EDF); see, for exam- 
ple, Kealhofer (1995), p. 53, Ong (1999), pp. 101-102. 


11 Therefore also called severity, loss given default (LGD), or loss in the 
event of default (LIED); see, for example, Asarnow and Edwards (1995), 
p. 12. The loss rate equals (1 — recovery rate), see, for example, Mark 
(1995), pp. 113+. 


12 See Bamberg and Baur (1991), pp. 100-101, that is, a binomial B(1; p) 
random variable, where p = PD. 


i EA,, 


(1 ~ PO) 


ri 


EA, 


N EA, (1 - LR) 


Deriving expected losses. 
Source: Adapted from Ong (1999), p. 101. 


where 
PD, = Probability of default up to time H (horizon) 
FA,, = Exposure amount at time H 
LR,, = Loss rate experienced at time H 
E(-) = Expected Value of (-) 


The expected loss experienced at time H (ELp), that is, at the 
end of the predetermined estimation period, is the difference 
between the promised exposure amount (EAp) at that time 
(including all promised interest payments) and the amount that 
the bank can expect to receive at that time—given that, with a 
certain probability of default (PD,,) between time 0 and H, a loss 
(EA,,° LR,,) will be experienced.'? 


Therefore, EL is the product of its three determining compo- 
nents, which we will briefly describe in turn below: 


1. Probability of default (PD): This probability determines 
whether a counterparty or client goes into default'* over a 
predetermined period of time. PD is a borrower-specific 
estimate! that is typically linked to the borrower's risk 


'3 This assumes—for the sake of both simplicity and practicability—that 
all default events occurring between time 0 and the predetermined 
period of time ending at H will be considered in this framework. How- 
ever, the exposure amount and the loss experienced after recoveries 
will be considered/calculated only at time H and not exactly at the time 
when the actual default occurs. 


14 Default is typically defined as a failure to make a payment of either 
principal or interest, or a restructuring of obligations to avoid a pay- 
ment failure. This is the definition also used by most external rating 
agencies, such as Standard & Poor's and Moody’s. Independently of 
what default definition has been chosen, a bank should ensure an appli- 
cation of this definition of default as consistent as possible across the 
credit portfolio. 


'S This assumes that either all credit obligations of one borrower are in 
default or none of them. 
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rating, that is, estimated independently'® of the specifics of 
the credit facility such as collateral and/or exposure struc- 
ture.'” Although the probability of default can be calculated 
for any period of time, probabilities are generally estimated 
at an annual horizon. However, PD can and does change 
over time. A counterparty’s PD in the second year of a loan 
is typically higher than its PD in the first year.'® This behav- 
ior can be modeled by using so-called migration or transi- 
tion matrices.'? Since these matrices are based on the 
Markov property,“° they can be used to derive multiperiod 
PDs—both cumulative?! and marginal** default 
probabilities.79 


The remaining two components reflect and model the product 
specifics of a borrower's liability. 


2. Exposure amount (FA): The exposure amount EA, for the 
purposes of the EL calculation, is the expected amount of 
the bank’s credit exposure to a customer or counterparty at 
the time of default. As described above, this amount 
includes all outstanding payments (including interest) at that 
time.’ These overall outstandings can often be very differ- 
ent from the outstandings at the initiation of the credit. This 
is especially true for the credit risk of derivative transactions 
(such as swaps), where the quantification of EA can be diffi- 


cult and subject to Monte Carlo simulation.?° 


16 This is not true for some facility types such as project finance or com- 
mercial real estate lending where the probability of default (PD) is not 
necessarily linked to a specific borrower but rather to the underlying 
business. Additionally, PD is not independent from the loss rate (LR — as 
discussed later), that is, the recovery rates change with the credit quality 
of the underlying business. This requires obviously a different modeling 
approach (usually a Monte Carlo simulation). 


17 Amortization schedules and credit lines (i.e., limit vs. utilization) can 
have a significant impact on the exposure amount outstanding at the 
time of default. The same is true for the credit exposure of derivatives. 


18 This statement is only true (on average) for credits with initially low 
PDs. 


1? See, for example, Standard & Poor's (1997) and Moody's Investor Ser- 
vices (1997). 


20 See, for example, Bhat (1984), pp. 38+. 


21 That is the overall probability to default between time 0 and the esti- 
mation horizon n. 


22 That is the probability of not defaulting until period i, but defaulting 
between period i andi + 1. These are also often derived as forward PDs 
(similar to forward interest rates). 


23 However, this can—by definition—only reflect the average behavior of 
a cohort of similarly rated counterparties and not the customer-specific 
development path. 


24 Obviously, there are differing opinions as to when the measurement 
actually should take place. See Ong (1999), pp. 94+. 


25 See, for example, Dowd (1998), p. 174. 


3. Loss rate (LR): When a borrower defaults, the bank does 
not necessarily lose the full amount of the loan. LR rep- 
resents the ratio of actual losses incurred at the time of 
default (including all costs associated with the collection 
and sale of collateral) to EA. LR is, therefore, largely a func- 
tion of collateral. Uncollateralized, unsecured loans typically 
have much higher ultimate losses than do collateralized or 
secured loans. 


EL due to transfer or country risk can be modeled similarly to 
this approach and has basically the same three components (PD 
of the country,2° EA, and LR due to country risk2’). However, 
there are some more specific aspects to consider. For instance, 
since a borrower can default due to counterparty and country 
risk at the same time, one would need to adjust for the “over- 
lap” because the bank can only lose its money once. 


Likewise, we will not deal with the parameterization“® of this 
model in this book, but there are many pitfalls when correctly 
determining the components in practice. 


By definition, EL does not itself constitute risk. If losses always 
equaled their expected levels, there would be no uncertainty, 
and there would be no economic rationale to hold capital 
against credit risk. Risk arises from the variation in loss levels— 
which for credit risk is due to unexpected losses (UL). As we will 
see shortly, unexpected loss is the standard deviation of credit 
losses, and can be calculated at the transaction and portfolio 
level. Unexpected loss is the primary driver of the amount of 
economic capital required for credit risk. 


Unexpected loss is translated into economic capital for credit 
risk in three steps, which are—as already indicated—discussed 
in turn: first, the standalone unexpected loss is calculated (see 
the “Unexpected Losses” section which follows). Then, the con- 
tribution of the standalone UL to the UL of the bank portfolio is 
determined (see the “Unexpected Loss Contribution” section 
later in this chapter). Finally, this unexpected loss contribution 
(ULC) is translated into economic capital by determining the 
distance between EL and the confidence level to which the 


26 Typically estimated using the input from the Economics/Research 
Department of the bank and/or using the information from the spreads 
of sovereign Eurobonds, see Meybom and Reinhart (1999). 


27 The calculation of LR due to country risk is broken into (the product 
of) two parts: (1) loss rate given a country risk event, which is a function 
of the characteristics of the country of risk (i.e., where EA is located) and 
(2) the country risk type, which is a function of the facility type (e.g., rec- 
ognizing the differences between short-term export finance and long- 
term project finance that can be subject to nationalization, and so on). 


28 We will not deal with the estimation and determination of the various 
input factors for specific customer and product segments. See, for a dis- 
cussion, Ong (1999), pp. 104-108. 
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portfolio is intended to be backed by economic capital (see the 
“Economic Capital for Credit Risk” section later in this chapter). 


Unexpected Losses (UL-Standalone) 


As we have defined previously, risk arises from (unexpected) 
variations in credit loss levels. These unexpected losses (UL)?? 
are—like EL—an integral part of the business of lending and 
stem from the (unexpected) occurrence of defaults and (unex- 
pected) credit migration.2° However, these ULs cannot be antici- 
pated and hence cannot be adequately priced for in a loan’s 
interest rate. They require a cushion of economic capital, which 
needs to be differentiated by the risk characteristics of a specific 


loan.?! 


UL, in statistical terms, is the standard deviation of credit losses, 
that is, the standard deviation of actual credit losses around the 
expected loss average (EL). The UL of a specific loan on a stand- 
alone basis (i.e., ignoring diversification effects) can be derived 
from the components of EL. Just as EL is calculated as the mean 
of a distribution, UL is calculated as the standard deviation of 
the same distribution. 


Recall that EL is the product of three factors: PD, EA, and LR. 
For an individual loan, PD is (by definition) independent of the 
EA and the LR, because default is a binary event. Moreover, in 
most situations, EA and the LR can be viewed as being indepen- 
dent.?* Thus, we can apply standard statistics to derive the stan- 
dard deviation of the product of three independent factors and 


: 3 
arrive at? 


UL = EA+,/PD+0?, + LR? +02, (3.2) 
where 
Op = Standard deviation of the loss rate LR 
Opp = Standard deviation of the default probability PD 


Since the expected exposure amount EA can vary, but is (typi- 
cally) not subject to changes in the credit characteristics itself, 


2? Eor a detailed discussion of UL see, for example, Ong (1999), Chapter 
14, pp. 109-118. 


30 See Ong (1999), p. 111. 


31 To be more precise and as we will see shortly below, the amount of 
economic capital depends on the risk contribution of a specific loan to 
the overall riskiness of a loan portfolio. 


32 However, in practice it is not clear as to whether the assumption of 
statistical independence is well justified. See Ong (1999), p. 114. If they 
were not independent, a covariance cross-term needs to be introduced, 
but would have only a small overall impact on the absolute amount of 
UL in practice. 


33 See Ong (1999), pp. 116-118, for a detailed derivation. 


UL is dependent on the default probability PD, the loss rate LR, 
and their corresponding variances, 07, p and opp. If there were 
no uncertainty in the default event and no uncertainty about the 
recovery rate, both variances would be equal to zero, and hence 
UL would also be equal to zero, indicating that there would be 
no credit risk. For simplicity, we have ignored the time index in 
this derivation. But all parameters are estimated, as was done 
previously, at time H. 


Note that, since default is a Bernoulli variable with a binomial 
B(1;PD)-distribution:>* 


Cae ae) (3.3) 


Since it is typically difficult in practice to measure the variance 
of the loss rate 0,2 due to the lack of sufficient historical 
data, we will have to assume in most cases a reasonable distri- 
bution for the variations in the loss rate. Unfortunately, unlike 
the distribution for PD, the loss rate distribution can take a 
number of shapes, which result in different equations for the 
variance of LR. Possible candidates are the binomial, the uni- 
form, or the normal distribution. Whereas the binomial distri- 
bution overstates the variance of LR (when a customer 
defaults, either all of the exposure amount is lost or nothing), 
the uniform distribution assumes that all defaulted borrowers 
would have the same probability of losing anywhere between 
0% and 100%. Therefore, the most reasonable assumption is 
the normal distribution, because of the lack of better knowl- 
edge in most cases.” The shape of this assumed normal dis- 
tribution should take into account the empirical fact that some 
customers lose almost nothing, that is, almost fully recover, 
and it is very unlikely that all of the money is lost during the 


work-out process.°° 


Like EL, UL can also be calculated for various time periods 
and for rolling time windows across time. By convention, 
almost always one-year intervals are used.?” Hence, all 
measures of volatility need to be annualized to allow 
comparisons among different products and business units.°° 
Again, the same methodology can be applied to derive the 
UL resulting from country risk using the three components of 
country EL, 


34 See Bamberg and Baur (1991), p. 123. 
35 Also see Ong (1999), p. 132. 


* As mentioned above, even unsecured loans almost always recover 
some amount in the bankruptcy court, see, for example, Eales and 
Bosworth (1998), p. 62, or Carty and Lieberman (1996), p. 5. 


37 See Ong (199), p. 121. 


38 For convenience and again due to lack of data, the volatility of LR is 
assumed to be constant over time (intervals). 
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Unexpected Loss Contribution (ULC) 


Credit risk cannot be completely eliminated by hedging it 
through the securities markets like market risk.3? Even credit 
derivatives and asset securitizations can only shift credit risk to 
other market players. These actions will not eliminate the down- 
side risk associated with lending. However, they can transfer 
credit risk to the market participant best suited to bear it, 
because the only way to reduce credit risk is by holding it in a 
well-diversified portfolio (of other credit risks).*° Therefore, we 
need to change our perspective of looking at credit risk from 
the single, standalone credit to credit risk in a portfolio context. 


The expected loss of a portfolio of credits is straightforward to 
calculate because EL is linear and additive.*! Therefore: 


EL, = 3 EL, = 3. EA: PD, LR (3.4) 


f=] i=l 
where ELp = Expected loss of a portfolio of n credits. 


However, when measuring unexpected loss at the portfo- 

lio level, we need to consider the effects of diversification 
because—as always in portfolio theory—only the contribution 
of an asset to the overall portfolio risk matters in a portfolio 
context. In its most general form, we can define the unexpected 
loss of a portfolio ULp as: 


UL, = {> $ p,ULUL (3.5) 
y f=1 j=1 
pi, = Correlation that default or a credit migration (in the 
same direction) of asset | and asset j will occur over the 
same predetermined period of time (usually, again, 
between time 0 and H [one] year) 


UL; = Unexpected Loss of the i-th credit asset as defined 
above in Equation (3.2). 


Therefore, considering a loan at the portfolio level, the contribu- 
tion of a single UL; to the overall portfolio risk is a function of: 


e The loan's expected loss (EL), because default probability 
(PD), loss rate (LR), and exposure amount (EA) all enter the 
UL-equation 


e The correlation of the exposure to the rest of the portfolio 


39 Credit risk only has a downside potential (i.e., to lose money), but 
no upside potential (the maximum return on a credit is limited because 
the best possible outcome is that all promised payments will be made 
according to schedule). 


40 See Mason (1995), pp. 14-24, and Ong (1999), p. 119. As Mason 
shows, the same argument can be applied to the management of insur- 
ance risk. 


41 See Ong (1999), p. 123. 


To calculate the unexpected loss contribution’? ULC, of a single 
loan 1 analytically, we first need to determine the marginal 
impact of the inclusion of this loan on the overall credit portfolio 
risk. This is done by taking the first partial derivative of the port- 
folio UL with respect to UL, (for loan 1): 


wo JUL, ’ 


aul al UL, *) 1 
ULMC. = s 
: JUL 


JUL JUL 


}-(u 


(3.6) 


| i | [EE ue, unon) > Up: 
aa e j= 


f=lk=l 
2UL, JUL UL 


P 


where ULMG; is the marginal contribution of loan 1 to the overall 
portfolio unexpected loss. 


Note that in the above formula, the marginal contribution only 
depends on the (UL-) weights of the different loans in the port- 
folio, not on the size of the portfolio itself. In order to calculate 
the portfolio volatility attributable to loan 1, we use the following 
property for a marginal change in portfolio volatility: 

dUL 


UL. =. L - AUL, = Ý ULMC - duL (3.7) 
j i=l 


The marginal contribution of each loan is constant if the weights 
of each loan in the portfolio are held constant. Hence, inte- 
grating the above equation, holding the weight of each loan 
constant (i.e., UL;/ULp is constant, which is true for practical pur- 
poses on average), we obtain: 


UL, = DEG, “UL (3.8) 
Therefore, the portfolio UL can be viewed to split into n compo- 
nents, each of which corresponds to the marginal loss volatility 
contribution of each loan multiplied by its standalone loss vola- 
tility. Hence, we define the total contribution to the portfolio's 
Ukas 


Oia 
ULC = ULMC -UL, = &—— -UL (3.9) 
i f | UL 


P 


It is easy to see from the above formula that ULC has the impor- 
tant property that the sum of the ULCs of all loans will equal the 


42 Note that we follow the argument made by Ong (1999), p. 133, in this 
discussion and ignore the weights w, in the derivation of ULC. We can 
do so if we assume that UL; is measured in dollar terms rather than as a 
percentage of the overall portfolio. 


43 See Ong (1999), p. 126, for more details on his derivation of this 
equation pp. 132-134. 
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portfolio-level UL (i.e., the sum of the parts equals the whole, 
which is exactly the intended result): 


DSC /E LAL 6/70) ai 


3 UEC = Yu — Sit (1 o e = UL, 
a jal UL, UL, UL, 


(3.10) 


Assuming now that the portfolio consists of n loans that have 
approximately the same characteristics and size (1/n), we can 
set pj = p = constant (for all i # j). Rewriting Equation (3.5) 
according to standard portfolio theory: 


UL |2 y cov > var + y covy 


LiF, 


(3.11) 


where cov; j is defined as the covariance and var; as the variance 
of losses; one could further derive: 


WL, = Sy UL + 5 cov. = y UL + 25 pULUL 
\ [4S] \ Pfs] 
] eee 
yr Ue + 2 RBSY tik = Jin + pntn = DI- UL (3.12) 
and hence: 
UL, = UL Jn + p(n? — n) (3.13) 


Using the assumption of similar credits within the portfolio previ- 
ously described, we can now rewrite: 


UL 


oa m 1 
ULC = =Œ = -UL n + p(n? —n) = UL. |- +p 1 
Eae U (n+ p(n? —n) =U fn o| =| (3.14) 


which reduces for large n to: 
ULC. = UL fp (3.15) 
Combining Equation (3.10) with (3.16) and rearranging the 


terms, we can arrive at: 


r 


yp = 


> UL p 


1— 3.16 
E (3.16) 


which clearly shows that p is the (weighted) average correlation 
between loans in the portfolio (as was assumed above). 


This derivation provides some important insights: 


e If one tried to estimate the portfolio UL by using 
Equation (3.5), one would need to estimate [n(n — 1)]/2 
pairwise default correlations. ® Given that typical loan 


44 See Ong (1999), p. 127. 


45 As indicated above, one would also need to estimate the correlation 
of a joint movement in credit quality. 


portfolios contain many thousand credits, this is impossible 
to do. Additionally, one needs to consider the fact that 
default correlations are very difficult, if not impossible, to 


observe.“° 


e Equation (3.16) is a practicable way to calculate ULC. How- 
ever, it basically ignores the fact that loans are of different 
sizes and show different correlations (e.g., by industry, geog- 
raphy, etc.). Therefore, using Equation (3.16) does not reveal 
potential concentrations in the credit portfolio. But banks try 
to avoid exactly these concentrations. It is easy to show*” 
that Equation (3.16) can be decomposed for various seg- 
ments of the portfolio so that, for example, default correla- 
tions between various industries or even of a single credit 
can be included. Using this approach (instead of the imprac- 
tical “full-blown” approach, as indicated by Equation (3.5), 
allows banks to quantify exactly what they have done by 
intuition, prudent lending policies, and guidelines for a very 


long time.*® 


e Default correlations are small, but positive. Therefore, and as 
indicated previously, there are considerable benefits to diver- 
sification in credit portfolios. 


e Overall, the analytical approach is very cumbersome and 
prone to estimation errors and problems. To avoid these diffi- 
culties, banks now use numerical procedures?’ to derive 
more exact and reliable results. 


Viewing the UL of a single credit in the context of a credit port- 
folio”? reduces the standalone risk considerably in terms of its 
risk contribution (ULC).>' 


Economic Capital for Credit Risk 


As defined previously, the amount of economic capital needed 


is the distance between the expected outcome and the 


46 However, they can be estimated from observable asset correlations. 
See e.g., Gupton et. al. (1997), Ong (1999), pp. 143-145, Pfingsten and 
Schrock (2000), pp. 14-15. 


47 See Ong (1999), pp. 133-134. 


48 These guidelines often state that a bank should not lend too much 
money to a single counterparty (i.e., the size effect ignored in Equa- 
tion [3.16]), the same industry or geography (i.e., the correlation effect 
ignored in Equation [3.16]). 


49 Such as Monte Carlo simulations; see, for example, Wilson (1997a) 
and (1997b). 


50 An alternative for determining this marginal risk contribution would 
be to calculate the UL of the portfolio once without and once with the 
transaction and to build the difference between the two results. 


>! The same approach is applicable to country risk. However, instead of 
borrower default correlations, country default correlations are applied. 
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EL, 

J 

/ ! 

Confidence Level Pi ' 

, + ~ : 

> : 

' -e $ 

« i — H 
Losses 5 > 

Economic Capital 
= UL, x CM 


GME Economic capital for credit risk. 


Source: Adapted from Ong (1999), p. 169. 


unexpected (negative) outcome at a certain confidence level. As 
we saw in the last section, the unexpected outcomes at the 
portfolio level are driven by ULp, the estimated volatility around 
the expected loss. Knowing the shape of the loss distribution, 
ELp, and ULp, one can estimate the distance between the 
expected outcome and the chosen confidence level as a multi- 
ple (often labeled as capital multiplier, or CM”?) of UL,, as 
shown in Figure 3.2. 


Since the sum of ULC;s equals ULp, we can attribute the 
necessary economic capital at the single transaction level as 
follows: 


Economic Capital, = UL,~ CM (3.17) 


Therefore: 


Economic Capital, = ULC CM (3.18) 


that is, the required economic capital at the single credit trans- 
action level is directly proportional to its contribution to the 
overall portfolio credit risk. 


The crucial task in estimating economic capital is, therefore, the 
choice of the probability distribution, because we are only inter- 
ested in the tail of this distribution. Credit risks are not normally 
distributed but highly skewed because, as mentioned previ- 
ously, the upward potential is limited to receiving at maximum 
the promised payments and only in very rare events to losing a 
lot of money. 


92 See Ong (1999), p. 163. 


+ One distribution often recommended”? and suitable for 
this practical purpose is the beta distribution. This kind 
of distribution is especially useful in modeling a random 
variable that varies between 0 and c (> 0). And, in mod- 

| eling credit events,”4 losses can vary between 0 and 
100%, so that c = 1.°° The beta distribution is 
extremely flexible in the shapes of the distribution it can 
accommodate. When defined between 0 and 1, the 


| beta distribution has the following probability density 
56 


Probability 


| function: 


| ROKON 
F(x;0,B) = 9) PCa + B) 
| O, otherwise 


AF p O< x <1 


(3.19) 


where 


rz) = [tte ‘at 
0 


By specifying the parameters a and B, we completely determine 
the shape of the beta distribution. It can be shown?’ that if 

a = ß, the beta distribution is symmetric and that in our case 

(O < c < 1) the mean of the beta distribution equals: 


a 
u = EL, = | x FCx30,B) ax = 3.20 
u= EL, | Osa B) ae = (3.20) 
and that the variance equals: 
1 aß 
o° = UL’ = les Mex 1 m aO 
A (a+ 6) -(a+h+1) 
(3:21) 


Therefore, the form of the beta distribution is fully character- 
ized by two parameters: ELp and ULp. However, the difficulty is 
fitting the beta distribution exactly to the tail of the risk profile 


53 See Ong (1999), p. 164. Other recommended distributions for find- 
ing an analytic solution to economic capital are the inverse normal 
distribution (see Ong (1999), p. 184) or distributions that are also used 
in extreme value theory (EVT) such as Cauchy, Gumbel, or Pareto distri- 
butions. For a detailed discussion of EVT, see Reiss and Thomas (1997), 
Embrechts et. al. (1997 and 1998), McNeil and Saladin (1997), and 
McNeil (1998). 


34 It can be shown that the beta distribution is a continuous approxi- 
mation of a binomial distribution (the sum of independent two-point 
distributions). 


°° In Figure 3.2, a credit loss is depicted as a negative deviation, so that 
c = —1 in that case. 


56 See Greene (1993), p. 61. 
37 See Greene (1993), p. 61, and Ong (1999), pp. 165-166. 
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of the credit portfolio.°® This tail-fitting exercise is best 
accomplished by combining the analytical (beta distribution) 
solution with a numerical procedure such as a Monte Carlo 


simulation.-” 


Since we try to determine the distance between ELp and the 
confidence level, we try to estimate: 


X EL, 
of Xe Fhe om <a 
| UL, 


(3.22) 


the probability p that the negative deviation of the random 
variable X exceeds the confidence level only in a% of the 


60 (as indicated by the gray shaded area in Figure 3.2) in 


cases 
the end of the predetermined measurement period, that is, at 
time horizon H. Taking the inverse of the beta function at the 
chosen confidence level, we can determine CM, the capital 
multiplier, to determine the required amount of economic capi- 
tal. Obviously, CM is dependent on the overall credit quality of 
the portfolio and the confidence level. At the typically chosen 
99.97% confidence level, CM is between 7.0 and 7.5,°' which 
is—given the skewness of the loss distribution—far higher than 
the capital multiples for the normally distributed events in mar- 
ket risk. 


Note that the derivation of the economic capital cushion for 
country risk is identical to the previously described derivation. 
However, country risk is more “lumpy,” that is, the correlations 
between single transfer events are higher and there are fewer 
benefits to diversification because there are only a limited num- 
ber of countries in the world. Additionally, one needs to con- 
sider the correlation between country and counterparty events 
in deriving the overall economic capital amount. 


58 The tail of a fitted beta distribution depends on the ratio of ELp/ULp. 
For high-quality portfolios (ELp > ULp) the beta distribution has too fat a 
tail. Here, the beta distribution usually overestimates economic capital. 
In contrast, for lower-quality portfolios (ELp < ULp) it has too thin a tail. 
See Ong (1999), pp. 184-185. 


5? See Ong (1999), pp. 164 and 170-177, as well as, for a detailed 
description of the workings of such a model, pp. 179-196. 


69 Mathematically, this implies that the bank needs to hold an economic 
capital cushion (CM X ULp) sufficient to make the area under its loss 
probability distribution equal to 99.97%, if it targets a AA target solvency. 


61 See Ong (1999), pp. 173-177. 


Problems with the Quantification 
of Credit Risk 


Despite the beauty®’ and simplicity of the bottom-up (total) risk 
measurement approach just described, there are a number of 
caveats that need to be addressed: 


e This approach assumes that credits are illiquid assets. There- 
fore, it measures only the risk contribution (i.e., the internal 
“betas”) to the losses of the existing credit portfolio and not 
the correlation with risk factors as priced in liquid markets. Since 
the credit risk of bank loans becomes more and more liquid 
and is traded in the capital markets, a value approach would be 
more suitable. Such an approach would estimate the expected 
return and value of the promised payments and would try to 
model the probability distribution of changes in the value of the 
loan portfolio to derive the necessary economic capital. 


e This, however, would require modeling the multi-period 
nature of credits and, hence, the expected and unexpected 
changes in the credit quality of the borrowers (and their cor- 
relations). Even though this can be easily included in the ana- 
lytical approach, the more precise numerical solutions get 
very complex and cumbersome. Therefore, almost all of the 


internal credit risk models used in practice? 
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use only a one- 
year estimation horizon. 


e Although this approach considers correlations at a practica- 
ble level, that is, within the same risk type, it assumes, when 
measuring, that all other risk components (such as market 
and operational risk) are separated and are measured and 
managed in different departments within the bank. 


62 Contrary to the regulatory approach that assigns roughly 8% equity 
capital to credits on a standalone basis, this approach reflects the eco- 
nomic perspective with respect to both a differentiated capital attribu- 
tion by borrower quality as well as in a portfolio context reflecting the 
benefits to diversification. 


63 For instance CreditMetrics™/CreditManager™ as described by 
Gupton et. al. (1997), CreditPortfolioView as described by Wilson (1997a 
and 1997b), and CreditRisk+ as described by CSFP (1997). 


64 See Ong (1999), p. 122. 
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Rating Assignme 
Methodologies 


WE Learning Objectives 


After completing this reading you should be able to: 


© Explain the key features of a good rating system. æ 


© Describe the experts-based approaches, statistical-based 
models, and numerical approaches to predicting default. 


© Describe a rating migration matrix and calculate the 
probability of default, cumulative probability of default, 
marginal probability of default, and annualized default rate. B 


© Describe rating agencies’ assignment methodologies 
for issue and issuer ratings. e 


© Describe the relationship between borrower rating 
and probability of default. 


© Compare agencies’ ratings to internal experts-based rating 
systems. 


© Distinguish between the structural approaches and the 
reduced-form approaches to predicting default. 


© Apply the Merton model to calculate default probability 
and the distance to default and describe the limitations 
of using the Merton model. 


Excerpt is Chapter 3 of Developing, Validating and Using Internal Ratings 
Laurentis, Renato Maino and Luca Molteni. 


See bibliography on pp. 425-427. 


nt 


Describe linear discriminant analysis (LDA), define the 
Z-score and its usage, and apply LDA to classify a sample 
of firms by credit quality. 


Describe the application of a logistic regression model 
to estimate default probability. 


Define and interpret cluster analysis and principal 
component analysis. 


Describe the use of a cash flow simulation model in 
assigning ratings and default probabilities and explain the 
limitations of the model. 


Describe the application of heuristic approaches, numeric 
approaches, and artificial neural networks in modeling 
default risk and define their strengths and weaknesses. 


Describe the role and management of qualitative 
information in assessing probability of default. 


: Methodologies and Case Studies, by Giacomo De 
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4.1 INTRODUCTION 


The central role of ratings in supporting the new credit risk 
management architecture was emphasized. This role can be 
illustrated as an upside-down pyramid, with borrower's rating 

at its foundation (Figure 4.1). The event of default is one of the 
most significant source of losses in a bank’s profit and loss state- 
ment and assumes a central position in internal governance sys- 
tems as well as in the eyes of specific supervisors’ and monetary 


policy authorities’ scrutiny. 


Moreover, rating supports credit pricing and capital provisions 
to cover unexpected credit losses. These essential elements are 
at the foundation of many business decision making processes, 
touching all the organizational and operational aspects, up to 
business model selection, services offering, incentives and com- 
pensation systems, capital adequacy, internal controls systems, 
and internal checks and balances along the value chain of credit 
risk underwriting, management, and control. 


Subsequently, the complex and delicate functions mentioned 
above pose relevant charges to rating assignment, far beyond 
only the technical requirement, even if it is considered a highly 
specialist component. Examined in the following chapters is how 
to calculate default probabilities through an appropriate rat- 

ing system putting together coherent organizational processes, 
models, quantitative tools, and qualitative analyses. 


Rating is an ordinal measure of the probability of the default 
event on a given time horizon, having the specific features 
of measurability, objectivity, and homogeneity, to properly 


confront counterparts and segments of the credit portfolio. 
Rating is the most important instrument that differentiates 
traditional from modern and quantitative credit risk manage- 
ment. The whole set of applications mentioned before, which 
concerned expected losses, provisions, capital at risk, capital 
adequacy, risk adjusted performance measurement, credit pric- 
ing and control, and so forth, are essentially based on reliable 
probability measures. 


Probabilities are expectations. If our ex ante assessment is accu- 
rate enough, over time, probabilities become actual observed 
frequencies, at least in pre-defined confidence intervals. This 
property implies that a specific organizational unit has to period- 
ically verify any deviation out of confidence intervals, assessing 
impacts and effects, validating the assumptions and models that 
generated the ex ante expectations. 


The rating assessment backs up an important, well structured 
internal governance system, supporting decisions at the orga- 
nization’s different layers. This is why internal rating has to be 
as ‘objective’ as possible, in the sense that different teams of 
analysts—who are tackling the same circumstances, with the 
same level of information, applying the same methodology, in 
the same system of rules and procedures—have to arrive at a 
similar rating, accepting only minor misalignments. This is the 
only way to make decisions on a homogeneous, reliable and 
verifiable basis, maintaining full accountability over time. 


Inevitably, there will be room for discretion, entrepreneurialism 
and subjectivity but a sound basis has to be provided to the 


whole process and control. This will not happen, obviously, if 


Corporate value management 
* Regulatory compliance 


* Long-term value creation 


Business governance 
and management 


* Credit selection 
Credit & lending * Reporting & monitoring 


management * Credit administration, provisions, and reserves 


Borrower's 
Rating 


Corporate financial structure and risk profile active management 
* Operational strategic risk based management and control 


Credit pricing/rating advisory/corporate banking services 

* Credit risk management (counterpart's level, small portfolios’ level, divisional and global portfolios’ level) 
* Budgeting system, internal incentives systems 

* Planning, capital allocation, risk adjusted performance measurement, risk and business strategies 


Active management and lending policies 


| Figure 4.1, Credit governance system and borrower's rating. 
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ratings were the result of individual and subjective analysis, con- 
tingently influenced by the point-in-time business environment 
or from highly personal competences that could be different 
each time, from one analyst to another. 


These considerations do not imply that the credit analyst has to be 
substituted by tight procedures that stifle competences and pro- 
fessionalism. On the contrary, procedures have to put strong pres- 
sure on accountability and professionalism when needed to reach 
a better final decision. At the same time, it is necessary to avoid 

a sort of lenders’ irresponsibility to fully take into account bor- 
rower's individual projects, initiatives, needs, and financial choices. 
In addition, lending decisions are not right or wrong; ratings only 
indicate that some choices are riskier than others, because a bank 
is responsible toward bondholders, depositors, and customers. 


Therefore, rating systems have three desirable features in terms 
of measurability and verifiability, objectivity and homogeneity, 
and specificity: 


e Measurability and verifiability: these mean that ratings have 
to give correct expectations in terms of default probabilities, 
adequately and continuously back tested. 


e Objectivity and homogeneity: the former means that the rat- 
ing system generates judgments only based on credit risk 
considerations, while avoiding any influence by other consid- 
erations; the latter means that ratings are comparable among 
portfolios, market segments, and customer types. 


e Specificity: this means that the rating system is measuring the 
distance from the default event without any regards to other 
corporate financial features not directly related to it, such as 
short term fluctuations in stock prices. 


These three features help to define a measure of appropriate- 
ness of internal rating systems and are decisive in depicting 
their distinctive suitability for credit management. However, the 
ability of different methodologies and approaches to deal with 
these desirable profiles is a matter of specific judgment, given 
the tradeoffs existing among them. 


Here, the following are distinguished and separately analyzed: 
1. experts-based approaches 
2. statistical-based models 


3. heuristic and numerical approaches. 


4.2 EXPERTS-BASED APPROACHES 


Structured Experts-Based Systems 


Defaults are relatively rare events. Even in deeper recessions 
a default rate of around 2-5% is observed and each default 


appears like a highly individual story in approaching default, in 
recovery results, and in final outcome. A credit analyst (regard- 
less of whether in a commercial bank or in an official rating 
agency) is, above all, an experienced person who is able to 
weigh intuitions and perceptions through the extensive knowl- 
edge accumulated in a long, devoted, and specialist career. 


Also, economic theory regarding the framework of optimal corpo- 


rate financial structure required a long development time, due to: 


e lack of deep, homogenous, and reliable figures 


e dominance of business and industrial competition problems 
rather than financial ones. 


It is necessary to look back to the 1950s to see the first concep- 
tual patterns on corporate financial matters, culminating with 
the Modigliani-Miller framework to corporate value and to the 
relevance of the financial structure. In the 1960s, starting from 
preliminary improvements in corporate finance stemming from 
Beaver (1966), the discipline became an independent, outstand- 
ing topic with an exponential amount of new research, knowl- 
edge, and empirical results. It is also necessary to have to recall 
the influential insight of Wilcox (1971), who applied ‘gambler’s 
ruin theory’ to business failures using accounting data. Shortly 
after, from this perspective, the corporate financial problem 

was seen as a risky attempt to run the business by ‘betting’ the 
company’s capital endowment. At the end of each round of bet- 
ting, there would be a net cash in or net cash out. The ‘company 
game’ would end once the cash had finished. In formal terms, 
Wilcox proposed the relationship between: 


e the probability of default (Pueraut), 


e the probability of gains, m, and of losses (1 — m); the constraint 
is that profits and losses must have the same magnitude, 


e the company initial capital endowment, CN, 


* the profit, U, for each round of the business game, in the 


ON 
l- mY 
e m l 


CN/U is the inverse of the return on equity ratio (ROE) and, in 


form of 


this approach, it is also the ‘company’s potential survival time’. 
Given the probability, m, then the process could be described 
in stochastic terms, identifying the range in which the company 
survival is assured or is going to experience the ‘gambler’s ruin’. 


Many practical limitations impeded the model and, therefore, it 
could not be applied in practice, confining it to a theoretical level. 
Nevertheless, the contribution was influential in the sense that: 


e for the first time, an intrinsically probabilistic approach was 
applied to the corporate default description; 
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e the default event is embedded in the model, is not exog- 
enously given, and stems from the company profile (profit- 
ability, capital, business turbulence and volatility); 


e the explanatory variables are financial ones, linked with the 
business risk through the probability, m; 


e there is the first definition of the ‘time to default’ concept, 
that has been used since the 1980s in the Poisson-Cox 
approach to credit risk. 


These model features are very similar to Merton's model, which 
was proposed some years later; Merton’s model is widely used 
today and is one of the most important innovations in credit risk 
management. 


Another contribution that is worth mentioning is the ‘point of 
no return theory,’ an expression that is common to war strategy 
or air navigation. The ‘no return point’ is the threshold beyond 
which one must continue on the current course of action, either 
because turning back is physically impossible or because, in 
doing so, it would be prohibitively expensive or dangerous. The 
theory is important because it has been defined using an intrin- 
sically dynamic approach (Brunetti, Coda, and Favotto, 1984). 
The application to financial matters follows a very simple idea: 
the debt generates cash needs for interest payments and for the 
principal repayment at maturity. Cash is generated by the pro- 
duction, that is, by business and operations. If the production 
process is not generating enough cash, the company becomes 
insolvent. In mathematical terms this condition is defined as: 


dEBIT _ { XOF + AD) 
or oT 


that is to say, the company will survive if the operational flow 

of funds (industrial margin plus net investments or divestments) 
is no less than interest charges and principal repayment, other- 
wise new debt is accumulated and the company is destined to 
fail. The balance between debt service and flow of funds from 
operations is consequently critical to achieve corporate financial 
sustainability over time. Therefore, the ‘no return point’ discrimi- 
nates between sustainability and the potential path to default. 


This idea plays an important role in credit quality analysis. Pro- 
duction, flow of funds, margins, and investments have to find 

a balance against financial costs; the default probability is, in 
some way, influenced by the ‘safe margin’, intended as the 
available cushion between operational cash generation and 
financial cash absorption. The company financial soundness is a 
function of the safe margins that the company is able to offer to 
lenders, like surpluses against failure to pay in sudden adverse 
conditions. It is an idea that is at the root of many frameworks of 
credit analysis, such as those used by rating agencies, and is at 
the basis of more structured approaches derived from Merton's 
option theory applied to corporate financial debt. 


Credit quality analysis is historically concentrated on some sort 
of classification, with an aim to differentiate borrowers’ default 
risk. Over time, the various tools changed from being mainly 
qualitative-based to being more quantitative-based. In the more 
structured approaches, the final judgment comes from a system 
of weights and indicators. Mostly, applied frameworks have 
symbolic acronyms such as: 


e Four Cs: Character—Capital—Coverage—Collateral (pro- 
posed by Altman of New York University in various editions 
till the end of the 1990s). 


e CAMELS: Capital adequacy—Asset quality—Management— 
Earnings—Liquidity—Sensitivity (J.P. Morgan approach). 

e LAPS: Liquidity—Activity—Profitability—Structure (Goldman 
Sachs valuation system). 


The final result is a class, that is, a discrete rank, not a probabil- 
ity. To reach a probability, an historical analysis has to be carried 
out, counting actual default frequencies observed per class over 
time. 


During the 1980s and 1990s, industrial economics was deeply 
influenced by the competitive approach, proposed mainly by 
Porter (1980, 1985): economic phenomena, like innovation 

and globalization, deeply changed traditional financial analy- 
sis, creating the need to devote attention to the competitors’ 
qualitative aspects, such as trading power, market position, and 
competitive advantages. These aspects had to be integrated 
with traditional quantitative aspects such as demand, costs, 
resources, and trading flows. Consequently, in the final judg- 
ment, it is critical to identify coherence, consistency, and appro- 
priateness of the company’s business conduct in relation to the 
business environment and competition. 


Porter's important point is that qualitative features are as rel- 
evant as the financial structure and production capacity. Porter's 
publications can be considered today as at the roots of qualita- 
tive questionnaires and surveys that usually integrate the rating 
judgment, giving them solid theoretical grounds and conceptual 
references. 


Agencies’ Ratings 


The most relevant example of structured analysis applications is 
given by rating agencies (Ganguin and Bilardello, 2005). Their 
aim is to run a systematic survey on all determinants of default 
risk. There are a number of national and international rating 
agencies operating in all developed countries (Basel Commit- 
tee, 2000b). The rating agencies’ approach is very interesting 
because model-based and judgmental-based analyses are inte- 
grated (Adelson and Goldberg, 2009). They have the possibil- 
ity to surmount the information asymmetry problem through a 
direct expert valuation, supported by information not accessible 
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to other external valuators. Rating agencies’ revenues derive 
for the most part by counterpart's fees; only a small amount 

is derived from the direct selling of economic information to 
investors and market participants. This business model is appar- 
ently very peculiar because of the obvious conflict of interests 
between the two parties. If the cost of the rating assignment is 
charged to companies that have the most benefit from it, how is 
it possible to be sure that this judgment will be reliable enough? 
Nevertheless, this business model is founded on a solid basis, as 
Nobel Laureate George Ackerloff and the ‘lemon principle’ can 
help us to understand. If there is a collective conviction among 
market participants that exchanged goods were of bad quality, 
the seller of better quality goods will encounter many difficul- 
ties in selling them, because they will have trouble in convinc- 
ing people of the quality of his offer. In such circumstances, the 
seller of better quality goods: 


e either tries to adapt, and switch to low quality goods in order 
to be aligned with the market judgment, 


e or has to find a third party, a highly reputable expert, that 
could try to convince market participants that the offer is of 
really good quality and it is worth a higher price. 


In the first case, the market will experience a suboptimal situa- 
tion, because part of the potential offer (good quality products) 
will not be traded. In the second case, the market will benefit 
from the reliable external judgment, because of the opportunity 
to segment demand and to gain a wider number of negotiated 
goods. 


Generally speaking, when there is information asymmetry 
among market participants (i.e., inability for market par- 
ticipants to have a complete and transparent evaluation of 
the quality of goods offered) only high reputation external 
appraisers can assure the quality of goods, overcoming the 
‘lemon’ problem. Traders, investors, and buyers can lever 

on the expert judgment. Therefore, issuers are interested 

in demonstrating the credit quality of their issues, and rat- 
ing agencies are interested in maintaining their reputation. 
The disruption in the evaluator’s reputation is something that 
could induce a much wider market disruption (this observation 
is very important in light of the recent financial crisis, where 
rating agencies’ structured-products judgments have been 
strongly criticized). 


Consequently, the possibility to obtain privileged information of 
the counterparty’s management visions, strategies, and budget- 
ing is essential to a reliable rating agencies’ business model; as 
a result, the structure of the rating process becomes a key part 
of the rating assignment process because it determines the pos- 
sibility to have independent, objective, and sufficient insider 
information. Standard & Poor's (S&P) rating agency scheme is 
illustrated in Figure 4.2. 


Ratings 
request 
from issuer 


Meeting 
with issuer 
management 


Initial 
evaluation 


Rating 
committee 
review and vote 


Notification 
to issuer 


Analysis 


Surveillance of 
rated issuers 
and issues 


| Figure 4.2 | Decision making process for rating 


assignment at Standard & Poor's. 


Publication and 
dissemination of 
rating opinions 


Source: Standard & Poor's (2009c). 


Rating agencies’ assignment methodologies are differentiated 
according to the counterparty’s nature (corporations, countries, 
public entities and so forth) and/or according to the nature of 
products (structured finance, bonds and so forth). Here atten- 
tion is concentrated on corporate borrowers. The final rating 
comes from two analytical areas (Figure 4.3): business risks and 


financial risks. This follows the fundamental distinction proposed 
by Modigliani and Miller in the 1950s. 


The main financial ratios used by the Standard & Poor's rating 
agency are: 
e profitability ratios from historical and projected operations, 


gross and net of taxes; 


e coverage ratios such as cash flow from operations divided by 
interest and principal to be paid; 


e quick and current liquidity ratios. 


Standard & Poor’s Risk Factors for Corporate Ratings 


* Country risks 


Business 
risk 


* Industry characteristics 


* Company position 
* Profitability, peer 
group comparison 


* Accounting 

* Governance, risk tolerance, 
financial policy Financial 

* Cash flow adequacy risk 

* Capital structure 

* Liquidity/short-term factors 


Gti} Analytical areas for rating assignment at 
Standard & Poor's. 


Source: Standard & Poor's (2008). 
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Generally speaking, the larger the cash flow margins from oper- 
ations, the safer the financial structure; and, therefore, the bet- 
ter the borrower's credit rating. This general rule is integrated 
with considerations regarding the country of incorporation and/ 
or of operations (so called ‘sovereign’ risk), the industry profile 
and the competitive environment, and the business sector (eco- 
nomic cycle sensitivity, profit and cash flow volatility, demand 
sustainability and so forth). 


Other traditional analytical areas are: management's reputation, 
reliability, experience, and past performance; coherence and 
consistency in the firm's strategy; organization adequacy to com- 
petitive needs; diversifications in profit and cash flow sources; 
firm’s resilience to business volatility and uncertainty. Recently, 
new analytical areas were introduced to take new sources of risk 
into account. The new analytical areas are as follows: 


e internal governance quality (competence and integrity of 
board members and management, distribution and concen- 
tration of internal decision powers and layers, succession 
plans in case of critical management resources’ resignation or 


vacation and so forth); 


e environmental risks, technology and production processes 


compliance and sustainability; 


e potential exposure to legal or institutional risks, and to main 
political events; 


e potential hidden liabilities embedded, for instance, in work- 
ers’ pension plans, health care, private assistance and insur- 
ance, bonuses, ESOP incentives and so forth. 


Over time, aspects like internal governance, environmental com- 
pliance and liquidity have become crucial. Despite the effort in 
creating an objective basis for rating assignment, the agency rat- 
ing ‘is, in the end, an opinion. The rating experience is as much 


an art as it is a science’ (Standard & Poor's, 1998, Foreword). 


Under these considerations, it is worth noting that the rating 
process is very complex and is typically structured as follows: 
preliminary analysis, meetings with the counterparty under 


scrutiny, preparation of a rating dossier submitted by the Analyti- 
cal Team to the Rating Committee (usually composed of 5-7 vot- 
ing members), new detailed analysis if needed, final approval by 
the Rating Committee, official communication to and subsequent 
meeting with the counterparty, and, if necessary, a new approval 
process and rating submission to the Rating Committee. More- 
over, the rating is not directly determined by ratios; for instance, 
the more favorable the business risk, the higher the financial 
leverage compatible with a given rating class (Table 4.1). 


Generally speaking, favorable positions in some areas could be 
counterbalanced by less favorable positions in others, with some 
transformation criteria: financial ratios are not intended to be 
hurdle rates or prerequisites that should be achieved to attain a 
specific debt rating. Average ratios per rating class are ex post 
observations and not ex ante guidelines for rating assignment. 


The rating industry has changed over time because of consolida- 
tion processes that have left only three big international players. 
It is worth noting that three competitors have different rating 
definitions. Moody's releases mainly issues ratings and far less 
issuers’ ratings. On the contrary, S&P concentrates on providing 
a credit quality valuation referred to the issuer, despite the fact 
that the counterparty could be selectively insolvent on public 
listed bonds or on private liabilities. The company FITCH adopts 
an intermediate solution, offering an issuer rating, limited to the 
potential insolvency on publicly listed bonds, without consider- 
ing the counterparty’s private and commercial bank borrowings. 
Therefore, ratings released by the three international rating 
agencies are not directly comparable. This was clearly seen 
when, in the United Kingdom, British Railways defaulted and was 
privatized, while the outstanding debt was immediately covered 
by state guarantee. British Railways issues were set in ‘selec- 

tive default’ by S&P while (coherently) having remained ‘invest- 
ment grade’ for Moody's and ‘speculative grade’ for FITCH. In 
recent years, nonetheless, market pressure urged agencies to 
produce more comparable ratings, increasingly built on quantita- 
tive analyses, beyond qualitative ones, adopting a wider range 


IEJCE Financial Leverage (Debt/Capital, in Percentage), Business Risk Levels and 


Rating 


ee 


Company Business Risk Profile ~ = 
Excellent 
Above average 
Average 
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Source: Standard & Poor's (1998), page 19. 
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of criteria. In particular, after the ‘Corporate America scandals’ From Borrower Ratings to Probabilities 


(ENRON is probably the most renowned), new criteria were of Default 

introduced, such as the so called ‘Core earnings methodology’ 

on treatment of stock options, multi annual revenues, derivatives The broad experience in rating assignment by agencies and the 
and off-balance sheet exposures and so on. Liquidity profiles established methodology applied allow agencies to pile up a 
were also adopted to assess the short term liquidity position of huge amount of empirical evidence about their judgments on 
firms, as well as the possibility to dismantle some investments or predicted default rates. Until the 1990s, these data were only 
activities in case of severe recession and so forth. New corporate available for agencies’ internal purposes; since then, these data- 
governance rules were also established with reference to conflict bases have also been sold to external researchers and became 
of interests, transparency, the quality of board members, inves- public throughout the credit analysts communities. Periodic 
tors’ relations, minorities’ rights protections and so on. Monitor- publications followed, improving timeliness and specifications 
ing was enhanced and market signals (such as market prices on over time. Table 4.2 shows figures offered by Moody's rating 
listed bonds and stocks) were taken into further consideration. agency on non-financial companies. 


LEDGE YA Average Cumulated Annual Default Rates per Issues Cohorts, 1998/2007 


feel Average Cumulated Annual Default Rates at the End of Each Year (%) 
nitia 
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The basic principles at the foundation of these calculations are 
very straightforward: 


e inthe long run, given a homogenous population, actual frequen- 
cies converge to the central probability estimated, because of the 
law of large numbers (the average of the results obtained from a 
large number of trials should be close to the expected value, and 
will tend to become closer as more trials are performed); 


e inthe long run, if the population is homogeneous enough, 
actual frequencies are a good prediction of central probabilities. 


In this perspective, when observations are averaged over time, 
probabilities could be inferred from the observation of average 
actual frequencies of default per rating class; these probabilities 
can be applied to infer the future of the population’s behavior. 


The availability of agencies’ data also allows the calculation of 
the so-called migration frequencies, that is, the frequency of 
transition from one rating class to another; they offer an assess- 
ment of the ‘migration risk’, which has already been defined in 
the previous chapter. Tables 4.3 and 4.4 give examples of these 
migration matrices from Moody’s publications: at the intersect 
of rows and columns there are relative frequencies of counter- 
parties that have moved from the rating class indicated in each 
row to the rating class indicated in each column (as a percent- 
age of the number of counterparties in the initial rating class). 
The acronym WR denotes ‘withdrawn ratings’, which are the rat- 
ings that have been removed for various reasons, only excluding 
default (to investigate this aspect further, see Gupton, Finger, 
and Batia, 1997, or de Servigny and Renault, 2004). 


IE) One-Year Moody's Migration Matrix (1970-2007 Average) 


Final Rating Class (%) 


Aa faa |a [eee (Ba [B [Caa | coc [Defaut | wr 
^a | s1 | 71 | 06 | oo | oo | oo | oo | oo | oo | 32 


Initial Rating Class 


Ca-C 0.0 


ma | 10 | sa | es | o3 | o1 | oo | oo | oo | oo | as 
a | on | 27 | os | 49 | os | o | oo | 00 | oo | 4 
Ba | oo | o2 | as | sa3 | 43 | os | o2 | oo | o2 | sı 
Ba | oo | or | oa | s7 | 57 | 77 | os | oo | 11 | 88 
A ae Ae eee eS 10.4 
ee E 128 


2.6 Sem 30.0 128 


Source: Moody's (2008). 


LILEJCE YI Five-Year Moody's Migration Matrix (1970-2007 Average) 
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The measures currently used by ‘fixed income’ market partici- 
pants are based on: 


e names: the number of issuers; 
e Def: the number of names that have defaulted in the time 
horizon considered; 


e PD: probability of default. 


The default frequency in the horizon k, which is [t,(t + k)), is 
defined as: 
Def'** 


PD = 
Names, 


time horizon k 
Given the sequence of default rates for a given issuers’ class, the 
cumulated default frequency on horizon k is defined as: 


Di” DEF 
Names, 


P penveg - 


time horizon k 


and the marginal default rate on the [t,(t + k)] horizon is defined as: 


PD” arg _ ppriaee P phen 
k = r 


t+k 


Finally, in regard to a future time horizon k, the ‘forward probabil- 
ity’ that is contingent to the survival rate at time t is defined as: 


(Def, - Def) 
Names survived, 


cumulated cumulated 
Ph =P 


cumulated 
1- PD 


Drow 
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Some relationships among these definitions can be examined 
further. The cumulated default rate PD™'#"e4 may be calcu- 
lated using forward probabilities (PD“™) through the calculation 


of the ‘forward survival rates’ (SR'¥Y¥\). These are the opposite 
(i.e., the complement to 1) of the PD’°™ and are as follows: 


D ea =e a pi poe) x (1 — PDP”) x (1 = PDP”) 
(= POP") x... = PD) 


SREY, = (1- PDS, | 


t;t+k 


then, the cumulated default rate can be expressed by the sur- 
vival rates as: 


POE Se I] SR” and (1 E 2 = JI SRY 
i=1 a 


The ‘annualized default rate’ (ADR) can also be calculated. If it 
is necessary to price a credit risk exposed transaction on a five 
year time horizon, it is useful to reduce the five-year cumulated 
default rate to an annual basis for the purposes of calculation. 
The annualized default rate can be calculated by solving the fol- 
lowing equation: 


f 
(1 a Po) = SR” = (1 = ADR, zt 


ï=] 


Hence, the discrete time annualized default rate is: 
f t — — 
ADR 1 pL” = 12 {10 = PD 
ei 


Whereas, the continuous annual default rate is: 


= Pypycumuisted a eo 


and consequently: 


Ind = Poe) 
ADR, ————S 
t 
This formula gives the measure of a default rate, which is con- 
stant over time and generates the same cumulated default rate 


observed at the same maturity that was extracted from the 
empirical data. 


Table 4.5 gives an example of the relationships between differ- 


ent measures that have been outlined above. 


With regard to the two final formulas, it must be borne in mind 
that they are shortcuts to solve pricing (and credit risk valuation) 
problems. In reality, it must be remembered that paths to default 
are not a steady and continuous process, but instead the paths to 
default present discontinuities and co-dependent events. Migra- 
tions are not ‘Brownian random walks’, but rather dependent 
and correlated transitions from one class to another over time. 
Moreover, credit quality and paths to default are managed both 
by counterparties and lenders. Actual observations prove that 
ratings become better than expected if the initial classes are low 
(bad) and, conversely, they become worse than expected if the 
initial classes are very high (good). These considerations have to 
be clearly taken into account when analyzing counterparties and 
markets, or when tackling matters such as defining the optimal 
corporate financial structure, performing a credit risk valuation or 


even measuring the risk of a credit portfolio. 


Despite the fact that these methodologies are occasionally very 
complex and advanced, it is worth noting that default frequen- 
cies obviously have their limitations. They are influenced by the 
methodological choices of different rating agencies because: 


e definitions are different through various rating agencies, so 
frequencies express dissimilar events; 


e populations that generate observed frequencies are also dif- 
ferent. As a matter of fact, many counterparts have only one 
or two official ratings, neglecting one or two of the other rat- 
ing agencies; 

e amounts rated are different, so when aggregated using 
weighted averages, the weights applied are dissimilar; 


e initial rating for the same counterparts released by different 
rating agencies are not always similar. 
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LEIJGCE SJ Example of Default Frequencies for a Given Rating Class 
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ADR, discrete time: 


Furthermore, official rating classes are an ordinal ranking, not 

a Cardinal one: ‘triple B’ counterparty has a default propensity 
higher than a ‘single A’ and lower than a ‘double B’. Actual 
default frequencies are only a proxy of this difference, not a 
rigorous statistical measure. Actual frequencies are only a sur- 
rogate of default probability. Over time, rating agencies have 
added more details to their publications and nowadays they also 
provide standard deviations of default rates observed over a 
long period. The variation coefficient, calculated using this data 
(standard deviation divided by mean), is really high through all 
the classes, mostly in the worst ones, which are highly influenced 
by the economic cycle. The distribution’s fourth moment is high, 
showing a very large dispersion with fat tails and large probabil- 
ity of overlapping contiguous classes. Nevertheless, agencies’ 
ratings are, ex post, the most performing measures among the 
available classifications for credit quality purposes. 


Experts-Based Internal Ratings 
Used by Banks 


As previously mentioned, banks’ internal classification methods 
have different backgrounds from agencies’ ratings assignment 
processes. Nevertheless, sometimes their underlying processes 
are analogous; when banks adopt judgmental approaches to 


99.00 98.80 98.70 98.50 98.00 Shee = (= FOES 
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S ass) = ppcumulated) 


credit quality assessment, the data considered and the ana- 
lytical processes are similar. Beyond any opinion on models’ 
validity, rating agencies put forward a sound reference point to 
develop various internal analytical patterns. For many borrower 
segments, banks adopt more formalized (that is to say model 
based) approaches. Obviously, analytical solutions, weights, 
variables, components, and class granularities are different from 
one bank to another. But market competition and syndicated 
loans are strong forces leading to a higher convergence. In 
particular, where credit risk market prices are observable, banks 
tend to harmonize their valuation tools, favoring a substantial 
convergence of methods and results. 


In principle, there is no proven inferiority or superiority of 
expert-based approaches versus formal ones, based on quan- 
titative analysis such as statistical models. Certainly, judgment- 
based schemes need long lasting experience and repetitions, 
under a constant and consolidated method, to assure the con- 
vergence of judgments. It is very difficult to reach a consistency 
in this methodology and in its results because: 


e organizational patterns are intrinsically dynamic, to adapt to 
changing market conditions and bank's growth, conditions 
that alter processes, procedures, customers’ segments, orga- 
nization appetite for risk and so forth; 
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LEIGES: Summary of the Main Features of Expert-Based Rating Systems 


Criteria Agencies’ Ratings 


Measurability 
and verifiability 


Objectivity and 
homogeneity 


Specificity 


eve 
oe 


Internal Experts-Based Rating Systems 


Generally speaking, the models which are 
employed in finance are based on simplifying 
assumptions about the phenomena that it is 
wished to predict; they should incorporate 
the vision of organizations’ behavior, the 
possible economic events, and the reactions 
of market participants (that are probably 
using other models). Quantitative financial 
models therefore embody a mixture of sta- 
tistics, behavioral psychology, and numerical 
methods. 


Different assumptions and varying intended 
uses will, in general, lead to different models, 
and in finance, as in other domains, those 


The circle is a measure of adequacy: full when completely compliant, empty if not compliant at 


all. Intermediate situations show different degrees of compliance. 


e mergers and acquisitions that blend different credit portfo- 
lios, credit approval procedures, internal credit underwriting 
powers and so forth; 


e over time, company culture will change, as well as experts’ 
skills and analytical frameworks, in particular with reference 
to qualitative information. 


Even if the predictive performances of these methods (read by 
appropriate accuracy measures) are good enough in a given 
period, it is not certain that the same performance will be 
reached in the future. This uncertainty could undermine the deli- 
cate and complex management systems that are based on inter- 
nal rating systems in modern banking and financial organizations. 


An assessment of the main features of expert-based rating sys- 
tems along the three principles that have been previously intro- 
duced is proposed in Table 4.6. 


4.3 STATISTICAL-BASED MODELS 


Statistical-Based Classification 


A quantitative model is a controlled description of certain real 
world mechanics. Models are used to explore the likely con- 
sequences of some assumptions under various circumstances. 
Models do not reveal the truth but are merely expressing points 
of view on how the world will probably behave. The distinctive 
features of a quantitative financial model are: 


e the formal (quantitative) formulation, that explains the simpli- 
fied view of the world we are trying to catch; 


e the assumptions made to build the model, that set the foun- 
dation of relations among variables and the boundaries of 
the validity and scope of application of the model. 


intended for one use may not be suitable for 
other uses. Poor performance does not nec- 
essarily indicate defects in a model but rather 
that the model is used outside its specific realm. Consequently, 
it is necessary to define the type of models that are examined 

in the following pages very clearly. The models described in 

this book are mainly related to the assessment of default risk of 
unlisted firms, in effect, the risk that a counterparty may become 
insolvent in its obligations within a pre-defined time horizon. 
Generally speaking, this type of model is based on low fre- 
quency and non-publicly available data as well as mixed quanti- 
tative and qualitative variables. However, the methods proposed 
may also be useful in tackling the default risk assessment for 
large corporations, financial institutions, special purpose vehi- 
cles, government agencies, non-profit organizations, small busi- 
nesses, and consumers. Also briefly touched upon are the credit 
risk valuation methods for listed financial and non-financial com- 
panies, briefly outlining the Merton approach. 


The access to a wider range of quantitative information (mainly, 
but not only, from accounting and financial reports) pressured 
many researchers since the 1930s to try to generate classifica- 
tions using statistical or numerical methodologies. In the mid 
1930s, Fisher (1936) developed some preliminary applications. 
At the end of the 1960s, Altman (1968) developed the first scor- 
ing methodology to classify corporate borrowers using discrimi- 
nant analysis; this was a turning point for credit risk models. 


In the following decades, corporate scoring systems were 
developed in more than 25 industrial and emerging countries. 
Scoring systems are part of credit risk management systems of 
many banks from western countries, as stated in a survey by the 
Basel Committee (2000b). To give an example of a non-Anglo- 
Saxon country, groundwork in this field was carried out in Italy 
during the late 1970s and early 1980s. In the early 1980s, the 
Financial Report Bureau was founded in Italy by more than 40 
Italian banks; its objective was to collect and mutually distribute 
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financial information about industrial Italian private and public 
limited companies. The availability of this database allowed the 
Bureau to develop a credit scoring model used by these banks 
during the 1980s and the 1990s. Nowadays, the use of quantita- 
tive methodologies is applied to the vast majority of borrowers 
and to ordinary lending decisions (De Laurentis, Saita and Sironi, 
2004; Albareto et al., 2008). 


The first step in describing alternative models is to distinguish 
between structural approaches and reduced form approaches. 


Structural Approaches 


Structural approaches are based on economic and financial 
theoretical assumptions describing the path to default. Model 
building is an estimate (similar to that of econometric models) 
of the formal relationships that associate the relevant variables 
of the theoretical model. This is opposite to the reduced form 
models, in which the final solution is reached using the most sta- 
tistically suitable set of variables and disregarding the theoreti- 
cal and conceptual causal relations among them. 


This distinction became very apparent after the Merton (1974) 
proposal: default is seen as a technical event that occurs when 
the company’s proprietary structure is no longer worthwhile. 
From the early 1980s, Merton’s suggestion became widely 
used, creating a new foundation for credit risk measurements 
and analysis. According to this vision, cash flows out of a credit 
contract have the same structure as a European call option. In 
particular, the analogy implies the following: 


e when the lender underwrites the contract, he is given the 
right to take possession of the borrower's assets if the bor- 
rower becomes insolvent; 


e the lender sells a call option on the borrower's assets to the 
borrower, having the same maturity as debt, at the strike 
price equal to debt face value; 


e at debt maturity, if the value of borrower's assets exceeds 
the debt face value, the borrower will pay the debt and shall 
retain full possession of his assets; otherwise, where the 
assets value is lower than the debt face value, the borrower 
has the convenience of missing debt payment and will resul- 
tantly lose possession of his assets. 


This vision is very suggestive and offers workable solutions to 
overcome many analytical credit risk problems: 


e By using a definition of default that is dependent on financial 
variables (market value of assets, debt amount, volatility of 
asset values) the Black Scholes Merton formula can be used 
to calculate default probability. There are five relevant vari- 
ables: the debt face value (option strike), assets value (under- 
lying option), maturity (option expiration date), assets value 


volatility (sigma), and market risk interest rate (for alternatives 
see Vasicek, 1984). This solution provides the probability 

that the option will be exercised, that is, the borrower will be 
insolvent. 


e This result is intrinsically probabilistic. The option exercise 
depends on price movements and utility functions of the 
contract underwriters, hence from the simultaneous dynamics 
of the variables mentioned above. No other variables (such 
as macroeconomic conditions, legal constraints, jurisdic- 
tions, and default legal definitions) are implied in the default 


process. 


e The default event is embedded in the model and is implicit in 
economic conditions at debt maturity. 


e The default probability is not determined in a discrete space 
(as for agencies’ ratings) but rather in a continuous space 
based on the stochastic dispersion of asset values against the 
default barrier, that is, the debt face value. 


Merton's model is therefore a cause-and-effect approach: 
default prediction follows from input values. In this sense, Mer- 
ton’s model is a ‘structural approach’, because it provides ana- 
lytical insight into the default process. Merton’s insight offers 
many implications. The corporate equity is seen as a derivative 
contract, that is to say, the approach also offers a valuable 
methodology to the firm and its other liabilities. Moreover, as 
already stated, the option values for debt and equity implicitly 
include default probabilities to all horizons. This is a remarkable 
innovation in respect to the deductions of Modigliani and Miller. 
According to these two authors, the market value of the busi- 
ness (‘assets’) is equal to the market value of the fixed liabilities 
plus the market value of the equity; the firm financial structure 
is not related to the firm's value if default costs are negligible. 
The process of business management is devoted to maximizing 
the firm's value; the management of the financial structure is 
devoted to maximizing shareholders’ value. No conflict ought 
to exist between these two objectives. In the Merton approach 
to the firm's financial structure, the equity is a call option on the 
market value of the assets. Thus, the value of the equity can be 
determined from the market value of the assets, the volatility of 
the assets, and the book value of the liabilities. That is to say, 
the business risk and the financial risk (assumed as independent 
risk by Modigliani and Miller) are simultaneously linked to one 
another by the firm’s asset volatility. The firm’s risk structure 
determines the optimal financial structure solution, which is 
based on the business risk profile and the state of the financial 
environment (interest rates, risk premium, equity and credit mar- 
kets, investors’ risk appetite). 


More volatile businesses imply less debt/equity ratios and vice 


versa. The choice of the financial structure has an impact on the 
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equity value because of the default probability (that is the prob- 
ability that shareholders will lose their investments). 


Following the Merton approach and applying Black Scholes 


Merton formula, the default probability is consequently given by: 
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where In is the natural logarithm, F is the debt face value, V, is 
the firm’s asset value (equal to the market value of equity and 
net debt), u is the ‘risky world’ expected return,! Tis the 
remaining time to maturity, a, is the instantaneous assets value 
volatility (standard deviation), N is the cumulated normal distri- 
bution operator. 


1 It is worth noting that the Black Scholes formula is valid in a risk neu- 
tral world. Hence the solution offers risk neutral probabilities. Here we 
are interested in real world (or so called ‘physical’) default probability 
because we are not interested in pricing debt but in describing actual 
defaults. To pass from actual to risk neutral default probabilities, a calcu- 
lation is needed. The value of a credit contract can be defined as: 


V =Ce"(1- qo) 
in which V = credit market value of contract, C, = initial credit face 


value, avdw = loss given default. Using Black Scholes formula, it is pos- 
sible to define: 
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But, from the Capital Asset Pricing Model theory, denoting the market 
risk premium as mrp: 
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in which A is the Market Sharpe ratio. Subsequently, q = N{N '(p) — pA}. 


Upon deriving from market data C, r, t, LGD, p, and p, it is possible to 
estimate A on high frequency basis. The estimate of A is quite stable 
over time (it suggests that spread variation is driven by PD variation, not 
risk premium). On the contrary, knowing A, ‘real world’ default probabil- 
ity could be calculated starting from bond or CDS market prices. 


The real world application of Merton's approach was neither 
easy nor direct. A firm’s asset value and asset value volatility are 
both unobservable; the debt structure is usually complex, piling 
up many contracts, maturities, underlying guarantees, clauses 
and covenants. Black Scholes formula is highly simplified in 
many respects: interest rates, volatilities, and probability density 
functions of future events. 


A practical solution was found in the early 1980s observing that 
the part in brackets of the mathematical expression described 
above is a standardized measure of the distance to the debt bar- 
rier, that is, the threshold beyond which the firm goes into finan- 
cial distress and default. This expression is then transformed into 
a probability by using the cumulated normal distribution function. 


In addition, there is a relation (Ito, 1951) linking equity and asset 
value, based on their volatilities and the ‘hedge ratio’ of the 
Black Scholes formula. It has the form: 
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For listed companies on the stock market, equity values and 
equity volatilities are observable from market prices. Thus, this 
expression is absolutely relevant, as it allows calculation of asset 
values and asset values’ volatility when equity market prices 

are known. A system of two unknown variables (V4 and g4) and 
two independent equations (the Black Scholes formula and Ito's 
lemma) has a simultaneous mathematical solution in the real 
numerical domain. 


Therefore, the distance to default (DtD) can be calculated 
(assuming T = 1) as follows (Bohn, 2006): 
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The default probability can be determined starting from this 
solution and using econometric calibration, even in continuous 
time, following the movements of equity prices and interest 
rates on the capital market. Despite the elegant solution offered 
by Merton's approach, in real world applications the solution is 
often reached by calibrating DtD on historical series of actual 
defaults. The KMV Company, established by McQuown, Vasicek 
and Kealhofer, uses a statistical solution utilizing DtD as an 
explanatory variable to actual defaults. Solutions using statisti- 
cal probability density functions (normal, lognormal or binomial) 
were found to be unreliable in real applications. These observa- 
tions led Perraudin and Jackson (1999) to classify, also for regu- 
latory purposes, Merton-based models as a scoring models. 


DtD is a very powerful indicator that could also be used as an 
explicative variable in econometric or statistical models (mainly 
based on linear regression) to predict default probabilities. 
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These applications gained a huge success in the credit risk 
management world in order to rate publicly listed companies. 
Merton's approach is at the foundation of many credit trading 
platforms (supporting negotiations, arbitrage activities, and 
valuations) and tools for credit pricing, portfolio management, 
credit risk capital assessment, risk adjusted performance analy- 
sis, limit setting, and allocation strategies. Its main limit is that it 
is applicable only to liquid, publicly traded names. Also, in these 
cases, there is a continuous need for calibration; therefore, a 
specific maintenance is required. Small organizations cannot 
afford these analytical requirements, while nave approaches are 
highly unadvisable because of the great sensitivity of results to 
parameters and input measures. 


Attempts were made to extend this approach to unlisted com- 
panies. Starting from the early 2000s, after some euphoria, 
these attempts were abandoned because of unavoidable obsta- 
cles. The main obstacles are: 


e Prices are unobservable for unlisted companies. Using prox- 
ies or comparables, the methodology is very sensitive to 
some key parameters which causes results to become very 
unreliable. 


e The use of comparables prices is not feasible when compa- 
nies under analysis are medium sized enterprises. Compa- 
rables market prices become very scarce, smaller companies 
have very high specificity (their business is related to market 
niches or single production segments, largely idiosyncratic). 
In these circumstances, values and volatilities are very difficult 
to come across in a reliable way. 


In comparison to agencies’ ratings, Merton's approaches are: 


e more sensitive to market movements and quicker and more 
accurate in describing the path to default; 


e far more unstable (because of continuative movements in 
market prices, volatility, and interest rates). This aspect is 
not preferred by long term institutional investors that like to 
select investments based on counterparties’ fundamentals, 
and dislike changing asset allocation too frequently. 


Tarashev (2005) compared six different Merton-based struc- 
tural credit risk models in order to evaluate the performance 
empirically, confronting the probabilities of default they deliver 
to ex post default rates. This paper found that theory-based 
default probabilities tend to closely match the actual level 

of credit risk and to account for its time path. At the same 
time, because of their high sensitivity, these models fail to 
fully reflect the dependence of credit risk on the business and 
credit cycles. Adding macro variables from the financial and 
real sides of the economy helps to substantially improve the 
forecasts of default rates. 


Reduced Form Approaches 


Reduced form models as opposed to structural models make 
no ex ante assumptions about the default causal drivers. The 
model's relationships are estimated in order to maximize the 
model's prediction power: firm characteristics are associated 
with default, using statistical methodologies to associate them 
to default data. 


The default event is, therefore, exogenously given; it is a real 

life occurrence, a file in some bureau, a consequence of civil law, 
an official declaration of some lender, and/or a classification of 
some banks. 


Independent variables are combined in models based on their 
contribution to the final result, that is, the default prediction on 
a pre-defined time horizon. The set of variables in the model can 
change their relevance in different stages of the economic cycle, 
in different sectors or for firms of different sizes. These are mod- 
els without (or with a limited) economic theory, they are a sort of 
‘fishing expedition’ in search of workable solutions. 


The following is a practical example. 


Suppose that the causal path to default is as follows: competi- 
tive gap — reduction in profitability margins — increase in 
working capital requirements (because of a higher increase in 
inventories and receivables than in payables) — banks’ reluc- 
tance to lend more —> liquidity shortage — insolvency and for- 
mal default. 


A structural approach applied to listed compa- 

nies could perceive this path as follows: reduction in 
profitability — reduction in equity price —> more uncertainty 
in future profitability expectations — more volatility in equity 
prices — reduction in enterprise value and an increase in 
asset value volatility — banks’ reluctance in granting new 
credit — stable debt barrier — sharp and progressive DtD 
reduction — gradual increase in default probability — early 
warning signals of credit quality deterioration and diffusion to 
credit prices — credit spread amplification — market perception 
of technical default situation. 


As can be seen, a specific cause-effect process is clearly 
depicted. 


What about a reduced form model? Assume that the default 
model is based on a function of four variables: return on sales, 
net working capital on sales, net financial leverage, and banks’ 
short term debt divided by total debt. These variables are 
simultaneously observed (for instance, at year-end). No causal 
effect could therefore be perceived, because causes (competi- 
tive gap and return on sales erosion) are mixed with effects (net 
working capital and financial leverage increases). However, the 
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model suggests that when such situations simultaneously occur, 
a default may occur soon after. If a company is able to manage 
these new working capital requirements by long-standing rela- 
tionships with banks and new financial borrowings, it could over- 
come the potential crisis. However, it would be more difficult in 
a credit crunch period than in normal times. 


In reduced form approaches there is a clear model risk: mod- 
els intrinsically depend on the sample used to estimate them. 
Therefore, the possibility to generalize results requires a good 
degree of homogeneity between the development sample and 
the population to which the model will be applied. It should be 
clear at this point that different operational, business and orga- 
nizational conditions, local market structures, fiscal and account- 
ing regimes, contracts and applicable civil laws, may produce 
very different paths to default. As a consequence, this makes 

it clear that a model estimated in a given environment may be 


completely ineffective in another environment. 


To give an idea of the relevance of this observation, consider 

a survey carried out at SanpaololMI Bank (Masera, 2001). A 
random sample of 1000 customers was extracted from the com- 
mercial lending portfolio. These companies were rated using 
the internal rating model and, at the same time, applying the 
last release of Altman's scoring formula (based on discriminant 
analysis, which will be extensively examined in the following 
paragraph). The purpose was to assess if: 


e external models could be introduced in the banking organiza- 
tion without adaptation; 


e variables proven to be relevant in external applications could 
also be useful to develop internal models, only making up 
coefficients and parameters. 


The outcomes were very suggestive. When the classifications 
were compared, only 60% of good ratings were confirmed as 
good ratings by Altman's model, while 4% of these ratings were 
classified as being very close to defaulting by Altman's model. 
For bad rating classes, convergence was even lower or null. It 
could be considered that the problem was in model calibration 
and not in model structure: to overcome this objection, a new 
Altman-like model was developed, using the same variables 
but re-estimating parameters on the basis of the bank’s internal 
sample. In this case, even if convergence was higher, results 
indicated that there was no chance to use the Altman-like model 
instead of the internal model. The main source of divergence 
was due to the role of variables that were highly country spe- 
cific, such as working capital and liquidity ratios. 


Therefore, these comparisons discourage the internal use of 
externally developed models: different market contexts require 
different analyses and models. This is not a trivial observation 


and there is, at the same time, a limitation and an opportunity 
in it: 


e to develop an internal credit rating system is very demanding 
and requires much effort at both methodological and opera- 
tional levels; 


e to account on a reliable internal credit rating system is a 
value for the organization, a quality leap in valuation and ana- 
lytical competence, a distinctive feature in competition. 


When starting with a model building project, a strategic vision 
and a clear structural design at organizational level is required 
to adequately exploit benefits and advantages. The nature of 
the reduced form approaches impose the integration of sta- 
tistics and quantitative methods with professional experience 
and qualitative information extracted from credit analysts from 
the initial stages of project development. In fact, even if these 
models are not based on relations expressing a causal theory of 
default, they have to be consistent with some theoretical eco- 
nomic expectation. For instance, if a profitability ratio is include 
in the model with a coefficient sign that indicates that the higher 
the ratio the higher default risk, we shall conclude that the 
model is not consistent with economic expectations. 


Reduced form credit risk models could be classified into two 
main categories, statistical and numerical based. The latter com- 
prises iterative algorithms that converge on a calibration useful 
to connect observed variables and actual defaults at some pre- 
defined minimum level of accuracy given the utility functions 
and performance measures. The former comprises models 
whose variables and relations are selected and calibrated by 


using statistical procedures. 


These two approaches are the most modern and advanced. 
They are different from classifications based on the aggrega- 
tion of various counterparts in homogeneous segments, defined 
by few counterparts’ profiles (such as location, industry, sector, 
size, form of business incorporation, capitalization and so forth). 
These are referred to as ‘top down’ classifications because they 
segment counterparts based on their dominant profiles, with- 
out weighing variables and without combining them by specific 
algorithms; counterparts’ profiles are typically categorical vari- 
ables and they are used as a knife to split the portfolio into seg- 
ments. Then, for each segment, the sample-based default rate 
will be used as an indicator of the probability of default for that 
segment of borrowers. Inversely, classification based on many 
variables whose values impact on results case by case are called 
‘bottom up.’ Of course, there is a continuum between bot- 

tom up and top down approaches. Experts-based approaches 
are the most bottom up, but as they become more structured 
they reduce their capability of being case-specific. Numerical 
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methods and statistical methods, even if highly mechanical, are 
considered as being ‘quite’ bottom up approaches because they 
take into account many variables characterizing the borrower 
(many of which are scale variables) and combine them by using 
specific algorithms. 


An important family of statistical tools is usually referred to 

as scoring models; they are developed from quantitative and 
qualitative empirical data, determining appropriate variables 
and parameters to predict defaults. Today, linear discriminant 
analysis is still one of the most widely used statistical methods to 
estimate a scoring function. 


Statistical Methods: Linear Discriminant 
Analysis 


Models based on linear discriminant analysis (LDA) are reduced 
form models because the solution depends on the exogenous 
selection of variables, group composition, and the default defi- 
nition (the event that divides the two groups of borrowers in the 
development sample). The performance of the model is deter- 
mined by the ability of variables to give enough information to 
carry out the correct assignment of borrowers to the two groups 
of performing or defaulting cases. 


The analysis produces a linear function of variables (known as 
‘scoring function’); variables are generally selected among a 
large set of accounting ratios, qualitative features, and judg- 
ments on the basis of their statistical significance (i.e., their 
contribution to the likelihood of default). Broadly speaking, the 
coefficients of the scoring functions represent the contributions 
(weights) of each ratio to the overall score. Scores are often 


referred to as Z-score or simply Z. 


Once a good discriminant function has been estimated using 
historical data concerning performing and defaulted borrowers, 
it is possible to assign a new borrower to groups that were pre- 
liminarily defined (performing, defaulting) based on the score 
produced by the function. The number of discriminant functions 
generated by the solution of a LDA application is (k — 1), where 
k is the groups’ number (in our case there are two, so there is 
one discriminant function). 


Over time, the method has become more and more composite 
because of variegated developments; today there is a multitude 
of discriminant analysis methods. From here onwards, reference 
is mainly to the Ordinary Least Square method, which is the clas- 
sic Fisher's linear discriminant analysis, analogous with the usual 
linear regression analysis. The method is based on a min-max 
optimization: to minimize variance inside the groups and maxi- 
mize variance among groups. 


Primarily, LDA has taxonomical purposes because it allows the 
initial population to be split into two groups which are more 
homogenous in terms of default probability, specifying an 
optimal discriminant Z-score threshold to distinguish between 
the two groups. Nevertheless, the scoring function can also be 
converted into a probabilistic measure, offering the distance 
from the average features of the two pre-defined groups, 
based on meaningful variables and proven to be relevant for 
discrimination. 


The conceptual framework of reduced form models such as 
models based on LDA is summarized graphically in Figure 4.4. 
Let's assume that we are observing a population of firms during 
a given period. As time goes by, two groups emerge, one of 
insolvent (firms that fall into default) and the other of performing 
firms (no default has been filed in the considered time horizon: 
these are solvent firms). At the end of the period, there are two 
groups of well distinct firms: defaulted and performing firms. 
The problem is: given the firms’ profile some time before the 
default (say t-k), is it possible to predict which firms will actually 
fall into default and which will not fall into default in the period 
between t-k and t? 


LDA assigns a Z-score to each firm at time t-k, on the basis 

of available (financial and non-financial) information concern- 

ing firms. In doing so, the groups of firms that at time t will be 
solvent or insolvent are indicated at time t-k by their Z-scores 
distributions. The differentiation between the two distributions 
is not perfect; in fact, given a Z cut-off, some firms that will 
become insolvent have a score similar to solvent firms, and vice 
versa. In other words, there is an overlapping between Z scores 
of performing and defaulting firms and, for a given cut-off, some 
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firms are classified in the wrong area. These are the model's 
errors that are minimized by the statistical procedure used to 


estimate the scoring function. 


LDA was one of the first statistical approaches used to solve the 
problem of attributing a counterpart to a credit quality class, 
starting from a set of quantitative attributes. Altman (1968) 
proposed a first model, which was based on a sample of 33 
defaulted manufacturing firms and the same number of non- 
defaulted firms. For each firm, 22 financial ratios were available 
in the dataset. The estimated model included five discriminant 
variables and their optimal discriminant coefficients: 


Z = 1.21x, + 1.40x, + 3.30x, + 0.6x, + 0.999x, 


where x4 is working capital/total assets, xz is accrued capital 
reserves/total assets, x3 is EBIT/total assets, x, is equity market 
value/face value of term debt, xs is sales/total assets, and Z is a 


number. 


To understand the results, it is necessary to consider the fact 
that increasing Z implicates a more likely classification in the 


group of non-defaulted companies; therefore, all variables have 
coefficient signs aligned with financial theory. The discriminant 
threshold used to distinguish predicted defaulting from pre- 
dicted performing companies is fixed at Z = 2.675 (also known 


as cut-off value). 


A numerical example is shown in Table 4.7. Company ABC has 

a score of 3.19 and ought to be considered in a safety area. 
Leaving aside the independent variables’ correlation (which is 
normally low) for the sake of simplicity, we can calculate the vari- 
ables’ contribution to the final result, as shown in Table 4.7. 


We could also perform stress tests. For instance, if sales 
decrease by 10% and working capital requirements increase by 
20% (typical consequence of a recession), the Z-score decreases 
to 2.77, which is closer to the cut-off point (meaning a higher 
probability of belonging to the default group). In these circum- 
stances, the variables contribution for Company ABC will also 
change. For instance, the weight of working capital increases 

in the final result, changing from one-quarter to more than 
one-third; it gives, broadly speaking, a perception of elasticity 


elie Altman's Z-Score Calculation for Company ABC 


Asset & Liabilities/Equities 


Fixed Assets 100 
Inventories 90 
Receivables 120 
Cash 


Capital 

Accrued Capital Reserves 
Financial Debts 130 
Payables 54 
Other Net Liabilities 


Ratios for company ABC 


working capital/total assets 


10 
Ratio contributions for company ABC (%) 
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Profit & Loss Statement 


Sales 500000 100.0% 
EBITDA 35000 7.0% 
Net Financial Expenses 9750 2.0% 


Taxes 8333 1.7% 
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Accrued Profits 


5583 1.1% 


accrued capital reserves/ total assets 1.400 5.6 
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Altman’s Z-score 
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LELJGES:} New Variables Profile in a Hypothetical Recession for Company ABC 


Ratios for Company ABC (%) 
working capital/total assets 


accrued capital reserves/total assets 


EBIT/total assets 


|_| Model Coefficients | Ratio Contributions for Company ABC (%) 
31.4 
5.7 
L e [| 380 10.0 


equity market value/face value of term debt 0.600 7.3 


sales/total assets 


Altman’s Z-score 


to this crucial factor of credit quality. In particular, the new vari- 
ables contribution to the rating of Company ABC will change as 
depicted in Table 4.8. 


A recent application of LDA in the real world is the RiskCalc® 
model, developed by Moody’s rating agency. It was specifically 
devoted to credit quality assessment of unlisted SMEs in differ- 
ent countries (Dwyer, Kocagil, and Stein, 2004). The model uses 
the usual financial information integrated by capital markets 
data, adopting a Merton approach as well. In this model (which 
is separately developed for many industrialized and emerging 
countries), the considered variables belong to different analyti- 
cal areas, like profitability, financial leverage, debt coverage, 
growth, liquidity, assets, and size. To avoid over-fitting effects 
and in an attempt to have a complete view of the potential 
default determinants, the model is forced to use at least one 


variable per analytical area. 


The model is estimated on a country-by-country basis. In the 
case of Italy, we have realized that the model takes evidence 


from the usual drivers of judgmental approaches: 


e higher profitability and liquidity ratios have a substantially 
positive impact on credit quality, while higher financial lever- 
age weakens financial robustness; 


e growth has a double faceted role: when it is both very high 
and negative, the probability of default increases; 


e activity ratios are equally multifaceted in their effects: huge 
inventories and high receivables lead to default, while invest- 
ments (both tangible and intangible) either reduce the 
default probability or are not influential; 


e company size is relevant because the larger ones are less 
prone to default. 


LDA therefore optimizes variables coefficients to generate 
Z-scores that are able to minimize the ‘overlapping zone’ 
between performing and defaulting firms. The different vari- 
ables help one another to determine a simultaneous solution 
of the variables weights. This approach allows the use of these 


0.999 45.6 


2.768 100.0 


models for a large variety of borrowers, in order to avoid devel- 
oping different models for different businesses, as it happens 
when structuring expert based approaches. 


Assume that we have a dataset containing n observations (bor- 
rowers) described by q variables (each variable called x), split 
in two groups, respectively of performing and defaulted bor- 
rowers. The task is to find a discriminant function that enables 
us to assign a new borrower k, described in its x, profile of q 
variables, to the performing (solvent) or defaulting (insolvent) 
groups, by maximizing a predefined measure of homogeneity 
(statistical proximity). 


We can calculate variables means in each group, respectively 
defined in the two vectors Xolvent aNd Xnsolvenu KNOWN as groups’ 
‘centroids’. The new observation k will then be assigned to 
either one or the other group on the basis of a minimization cri- 
terion, which is the following: 


7 


1 solv /insolv | 


| 3 
ming ¥ (x, = 


i=l 


or, in matrix algebra notation: 


oe n| ee A sotv /insolv | | X; X sotv/insolv J} 


This expression could be geometrically interpreted as the 
Euclidean distance of the new observation k to the two cen- 
troids (average profile of solvent and insolvent firms) in a q 
dimensions hyperspace. The lower the distance of k from one 
centroid, the closer the borrower k with that group, subject to 
the domain delimitated by the given q variables profile. 


The q variables are obviously not independent to one another. 
They usually have interdependencies (correlation) that could 
duplicate meaningful information, biasing statistical estimates. 
To overcome this undesirable distortion, the Euclidean distance 
is transformed by taking these effects into consideration by the 
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variables variance/covariance matrix. This criterion is the equiva- 
lent of using Mahalanobis’ ‘generalized distance’ (indicated by 
D). The k borrower attribution criterion becomes: 


mint) = min{(x, —x |x C7 x (x, = l 


where C is the q variables variance/covariance matrix considered 
in model development. The minimization of the function can be 
reached by estimating the Z-score function as: 


E Fp x. 


in which p= (Xinsolv ie Kee Gee 


In this last formula, Xinsohy — Xsoiy denotes the difference 
between the centroids of the two groups. In other words, the 
goal of LDA is to find the combination of variables that: 


e maximizes the homogeneity around the two centroids; 


e minimizes the overlapping zone in which the two groups of 
borrowers are mixed and share similar Z-scores; in this area 
the model is wrongly classifying observations which have 
uncertain profiles. 


We can calculate the Z values corresponding to the two cen- 
troids, respectively Zo and Zinsoly, as the average Z for each 
group. Subject to certain conditions, it can be proved that the 
optimal discriminant threshold (cut-off point) is given by: 


Z Z sov l insolv 
cul -off 2 

In order to assign the borrower to one of the two groups, it is 
sufficient to compare Z, of each k observation to the set Zoutoff 
The sign and size of all Z values are arbitrary; hence, the below/ 
above threshold criterion could be reversed without any loss 
of generality and statistical meaning. Therefore, it is necessary 
to check each discriminant function one by one, to distinguish 


whether an increase in Z indicates higher or lower risk. 


Applying LDA to a sample, a certain number of firms will be 
correctly classified in their solvent/insolvent groups; inevitably, 
some observations will be incorrectly classified in the opposite 
group. The aim of LDA is to minimize this incorrect classifica- 
tion according to an optimization criterion defined in statistical 
terms. 


The result is a number (Z), not standardized and dimensionally 
dependent from the variables used; it indicates the distance on 
a linear axis (in the q variables hyperspace) between the two 
groups. The cut-off point is the optimal level of discrimination 
between the two groups; to simplify model’s use and interpre- 
tation, sometimes it is set to zero by a very simple algebraic 


conversion. 


Historically, these models were implemented to dichotomously 
distinguish between ‘pass borrowers’ (to grant loans to) and ‘fail 
borrowers’ (to avoid financing). Sometimes a gray area was con- 
sidered, by placing two thresholds in order to have three ranges 
of Z-scores; the very safe borrowers, borrowers which need to 
be investigated further (possibly using credit analysts’ exper- 
tise), and the very risky borrowers. 


Today, we have two additional objectives: to assign ratings and 
to measure probability of default. These objectives are achieved 
by considering the score as an ascendant (descendant) grade of 
distance to the default, and categorizing scores in classes. This 
improvement does not yet satisfy the objective of obtaining a 
probability of default. To arrive at a probability measure, it is 
necessary to examine the concepts of model calibration and rat- 
ing quantification. 


LDA has some statistical requirements that should be met in 
order to avoid model inaccuracies and instability (Landau and 
Everitt, 2004; Giri, 2004; Stevens, 2002; Lyn, 2009), and are as 
follows: 


1. independent variables are normally distributed; 


2. absence of heteroscedasticity, that is, the matrix C has to 
have similar values on the diagonal; 


3. low independent variables multi-colinearity, that is, matrix C 
has to have homogenous and preferably low values off the 
diagonal, not statistically significant; 


4. homogeneous independent variables variance around 
groups’ centroids, that is, matrix C has to be (roughly) the 
same for firms in both solvent and insolvent groups. 


The first three conditions can be overcome by adopting qua- 
dratic discriminant analysis instead of the linear discriminant 
analysis; in this case, we would use a model belonging to the 
group of Generalized Linear Models, which are discussed later 
when considering logistic regression models. The fourth condi- 
tion is a real life constraint because, as a matter of fact, insolvent 
firms typically have more prominent variances (as they have 


more diversified profiles) than solvent ones. 


Model calibration In statistics, there are many uses of the 

term calibration. In its broader meaning, calibration is any type 
of fitting empirical data by a statistical model. For the Basel 
Committee (2005a, page 3) calibration is the quantification of 
the probability of default. In a more specific use, it indicates 
procedures to determine class membership probabilities of a 
given new observation. Here, calibration is referred to as the 
process of determining default probabilities for populations, 
starting from statistical based rating systems’ outputs and taking 
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into account the difference between development samples’ 
default rates and populations’ default rates. In other words, 
once the scoring function has been estimated and Z-scores have 
been obtained, there are still some steps to undertake before 
the model can actually be used. It is necessary to distinguish 
between the two cases. 


In the first case: the model's task is to accept or reject 
credit applications (or even having a gray area classifi- 
cation), but multiple rating classes and an estimate of 
probability of default per rating class are not needed. In 
this case, model calibration simply consists of adjusting 
the Z-score cut-off in order to take into account differ- 
ences in default rates of samples and of population. This 
circumstance is typical of applications of credit scoring 
models to consumer loan applications or it is simply an 
intermediate step in analyzing and validating models’ 
performance. 


In the second case: the model's task is to classify borrow- 
ers in different rating classes and to assign probabilities 

of default to borrowers. In this case, model calibration 
includes, in addition to cut-off adjustment, all steps for 
quantifying default probabilities starting from Z-score and, 
if needed, for rescaling them in order to take into account 
differences in default rates of samples and of population. 


Model calibration: Z-score cut-off adjustment |n banks’ loan 
portfolios, the number of defaulted firms is low compared to the 
number of non-defaulted firms. In randomly extracted samples, 
defaults are therefore very few in respects to performing firms. 
If this effect is not corrected when developing the model, the 
information on performing firms is overwhelming in comparison 
to the information on defaulted firms and, consequently, creates 
a bias in model estimation. In addition, LDA robustness suffers 
when variables have huge differences in their distribution in the 
two groups of borrowers. To limit these risks, the model build- 
ing is carried out on more balanced samples, in which the two 
groups are more similar in size or, in extreme cases, have exactly 
the same sample size. 


Therefore, when we apply model results to real populations, 

the risk is to over-predict defaults because, in the estimation 
sample, defaulted firms are overrepresented. In other words, 
the frequency of borrowers classified as defaulting by the model 
is higher than the actual default rate in the population and, as 

a consequence, we need to calibrate results obtained from the 
development sample. 


If a model based on discriminant analysis has not yet been quan- 
tified in order to associate the probability of default to scores or 
rating classes, and it is only used to classify borrowers to the two 


groups of performing and defaulting firms, calibration only leads 
to change the Z cut-off in order to achieve a frequency of bor- 
rowers Classified as defaulting by the model equal to the default 
frequency in the actual population. 


To calibrate a model based on discriminant analysis and used 
for classification purposes only, Bayes’ theorem is applied. The 
theorem expresses the posterior probability (i.e., after evidence 
of scoring function variables values is observed) of a hypothesis 


(in our case, borrower's default), in terms of: 


e the prior probabilities of the hypothesis, that is the probabil- 
ity of default when no evidence is collected on the specific 
borrower; 


e the occurrence of evidence given the hypothesis, that is the 
probability of having a given Z-score in case the borrower 
defaults. 


Consider that we have an rth borrower, described in its profile 
given by a variables vector X and summarized by a Z-score. Prior 
probabilities are identified as q and posterior probability as p. 
We can assume that: 


Ainso ANd sory are the prior probabilities that the new rth 
observation will be attributed to the two groups without any 
regard to the information we have on them (the X vector); in 
our case (Ginsoly + qson) = 1. Let's suppose that the default 
rate in real world population is 2.38%. If we lend money to a 
generic firm, having no other information, we could rationally 


suppose that Qinsony Will be equal to 2.38% and qoy will be 
equal to (1 — 2.38%) = 97.62%. 


e The conditional probabilities to attribute the ith new observa- 
tion, described in its profile X, respectively to the defaulted 
and performing groups are Pjnsoi(X|insolv) and p,o;(X|solv); 
they are generated by the model using a given sample. Sup- 
pose we have a perfectly balanced sample and the firm | 
is exactly on the cut-off point (hence the probability to be 
attributed to any of the two groups is 50%). 


The simple probability (also called marginal probability) p(X) can 
be written as the sum of joint probabilities: 


DO) = Ops...» Px. (Xnsoly) + q.,,, « O.,,(X|solv) 
D(X) = 2.38% x 50% + 97.62% x 50% = 50% 


It is the probability of having the X profile of variables values 
(or its corresponding Z-score) in the considered sample, taking 
account of both defaulting and performing borrowers. 


We are now in the position to use Bayes’ theorem in order to 
adjust the cut-off by calibrating ‘posterior probabilities’. The 
posterior probabilities, indicated by p(insolv|X) and p(solv|X), 
are the probabilities that, given the evidence of the X variables, 
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the firm 1 belongs to the group of defaulted or non-defaulted 
firms in the population. Using Bayes’ formula: 


nso M; X |insolv 
pCUinsolv| X ) = Tirol Bo | ) 
p(X) 
Ge Pan Xlo) 
p(solv|X) a, ESOL SOLVE 
p(X) 


In our case, they will respectively be 2.38% and 97.62%. 


In general, in order to calculate posterior probabilities, the 
framework in Table 4.9 can be used. Note that, in our case, the 
observation is located at the cut-off point of a balanced sample. 
Therefore, its conditional probability is 50%. When these cir- 
cumstances are different, the conditional probabilities indicate 
in-the-sample probabilities of having a given value of Z-score for 
a solvent or insolvent firm. The sum of conditional probabilities is 
case specific and is not necessarily equal to 100%. The sum of joint 
probabilities represents the probability of having a given value of 
Z-score, considering both insolvent and solvent companies; again, 
this is a case specific value, depending on assumptions. 


The new unit i is assigned to the insolvent group if: 


pdnsolv|X) > pcsolv|xX) 


Now consider firm i having a Z-score exactly equal to the cut- 
off point (for a model developed using balanced samples). Its 
Z-score would be 2.38%; as it is far less than 97.62%, the firm 

i has to be attributed to the performing group (and not to the 
group of defaulting firms). Therefore, the cut-off point has to be 
moved to take into consideration that the general population 
has a prior probability far less than we had in the sample. 


To achieve a general formula, given Bayes’ theorem and consid- 
ering that p(X) is present in both items of p(insolv|X) > p(solv|X), 
the formulation becomes: 


(Xlinsolvy) > g (X\|solv) 


O eot 3 P isni solv ' P soi 
Hence, the relationship can be rewritten as: 


O CX Linsolv) 


insolv. Aow 


P,,,(X|solv) a 


LE) Bayes’ Theorem Calculations 


Conditional Probabilities of 


Event Prior Probabilities (%) | the th Observation (%) 
Default Gincoly Bete 38 Pinsoly (X|insolv) = 50 


Non-default | goo, = 97.62 Psoi(X|solv) = 50 


This formulation gives us the base to calibrate the correction to 
the cut-off point to tune results to the real world. 


One of the LDA pre-requisites is that the distributions of the two 
groups are normal and similar. Given these conditions, Fisher's 
optimal solution for the cut-off point (obtained when prior 
chances to be attributed to any group is 50%) has to be relo- 


' qsol 
cated by the relation | In- == 


| When the prior probabilities 


- insolv _ 
Ginsoly ANd sory are equal (balanced sample), the relation is equal 


to zero, that is to say that no correction is needed to the cut-off 
point. If the population is not balanced, the cut-off point has to 
be moved by adding an amount given by the above relation to 

the original cut-off. 


A numerical example can help. Assume we have a Z-score func- 
tion, estimated using a perfectly balanced sample, and having a 
cut-off point at zero (for our convenience). As before, also assume 
that the total firms’ population is made by all Italian borrowers 
(including non-financial corporations, family concerns, and small 
business) as recorded by the Italian Bank of Italy’s Credit Register. 
During the last 30 years, the average default rate of this population 
(the a priori probability qinsoi) is 2.38%; the opposite (complement 
to one) is therefore 97.62% (qov, in our notation). The quantity to 
be added to the original Z-score cut-off is consequently: 

97.62% 


In = 
2.38% 


The proportion of defaulted firms on the total population is called 
‘central tendency’, a value that is of paramount importance in 
default probability estimation and in real life applications. 


Cost of misclassification A further important aspect is related 
to misclassifications and the cost of errors. No model is perfect 
when splitting the two groups of performing and defaulting 
firms. Hence, there will be borrowers that: 


e are classified as potentially defaulted and would be rejected 
despite the fact that they will be solvent, therefore leading to 
the loss of business opportunities; 


e are classified as potentially solvent and will be granted credit, 
but they will fall into default generating credit losses. 


Posterior Probabilities of 
the ith Observation (%) 


Joint Probabilities and 
Their Sum (%) 


= 1.19] plinsolv|X) = 2.38 
p(solv|X) = 97.62 


Qinsolv * Pinsolv (XI insolv) 


solv PsoilMX|solv) = 48.81 


sum too J P= 50 100 
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It is evident that the two types of errors are not equally costly 
when considering the potential loss arising from them. In the 
first case, the associated cost is an opportunity cost (regard- 

ing business lost, and usually calculated as the discounted net 
interest margin and fees not earned on rejected transactions), 
whereas the second case corresponds to the so-called loss given 
default examined in Chapter 3. For such reasons, it may be suit- 
able to correct the cut-off point in order to take these different 
costs into consideration. Consider: 


e COSTinsolv/soly the cost of false-performing firms that, once 
accepted, generate defaults and credit losses, 


© COST oiwinsoly the cost of false-defaulting firms, whose 
credit application rejection generate losses in business 
opportunities, 


and assume that (hypothetically) COST;,<on/soly = 60% (current 
assessment of LGD) and COST. oiyinsoly = 15% (net discounted 
values of business opportunities). The optimal cut-off point solu- 
tion changes as follows: 


P insolv ( X) Asov x COST one 
p . ( x ) A insolv a COST ark 


Then, we have to add to the original cut-off an amount given 
Asolv * COST sotviinsolv 


dinsolv X COST insole 
previous example, by adding a weighted cost criterion, the cut- 


by the relation | in . Coming back to the 


off point will be converted as follows: 


97.61% x 15% 
238% x 60% 


' 
t 


2.53 

This will be added to the original cut-off point to select new bor- 
rowers in pass/reject approaches, taking into consideration the 
cost of misclassification and the central default tendency of the 
population. 


As a matter of fact, the sensitivity of the cut-off to the main 
variables (population default rate, misclassification costs and so 
forth) is very high. Moreover, moving the cut-off, the number 
rejected/accepted will generally change very intensively, deter- 
mining different risk profiles of the credit portfolio originating 
from this choice. Cut-off relevance is so high that the responsi- 
bility to set pro tempore cut-offs is in the hand of offices differ- 
ent from those devoted to model building and credit analysis, 
and involves marketing and (often) planning departments. The 
cut-off point selection is driven by market trends, competitive 
position on various customer segments, past performances 
and budgets, overall credit portfolio profile, market risk envi- 
ronment (interest rates time structure, risk premium, capital 
market opportunities), funding costs and so forth in a holistic 
approach. 


LDA has the main function of giving a taxonomic classification of 
credit quality, given a set of pre-defined variables, splitting bor- 
rowers’ transactions in potentially performing/defaulting firms. 
The typical decisions supported by LDA models are accept/ 


reject ones. 


Modern internal rating systems need something more than a 
binary decision, as they are based on the concept of default 
probability. So, if we want to use LDA techniques in this environ- 
ment, we have to work out a probability, not only a classification 
in performing and defaulting firms’ groups. We have to remem- 
ber that a scoring function is not a probability but a distance 
expressed like a number (such as Euclidean distance, geometric 
distance—as the ‘Mahalanobis distance’ presented earlier—and 
so forth) that has a meaning in a domain of n dimensions hyper- 
space given by independent variables that describe borrowers 
to be classified. Therefore, when a LDA model's task is to clas- 
sify borrowers in different rating classes and to assign prob- 
abilities of default to borrowers, model calibration includes, in 
addition to cut-off adjustment, all steps for quantifying default 
probabilities starting from Z-score and, if needed, for rescaling 
them in order to take into account differences in default rates of 


samples and of population. 


The probability associated to the scoring function can be deter- 
mined by adopting two main approaches: the first being empiri- 
cal, the second analytical. The empirical approach is based on 
the observation of default rates associated to ascendant cumula- 
tive discrete percentiles of Z-scores in the sample. If the sample 
is large enough, a lot of scores are observed for defaulted and 
non-defaulted companies. We can then divide this distribution 
in discrete intervals. By calculating the default rate for each 
class of Z intervals, we can perceive the relationship between Z 
and default frequencies, which are our a priori probabilities of 
default. If the model is accurate and robust enough, default fre- 
quency is expected to move monotonically with Z values. Once 
the relationship between Z and default frequencies is set, we 
can infer that this relation will also hold in the future, extending 
these findings to new (out-of-sample) borrowers. Obviously, this 
correspondence has to be continuously monitored by periodic 
back testing to assess if the assumption is still holding. 


The analytical approach is based again on the application of 
Bayes’ theorem. Z-scores have no inferior or superior limits 
whereas probabilities range between zero and one. Let's denote 
again with p the posterior probabilities and with q the priors 
probabilities. Bayes’ theorem states that: 

nso X Pinsow X linsolv) 


pCinsolv|X) = ; 
X P .., (Xlinsolv) + q, X Pon (X|solv) 


insolv 
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The general function we want to achieve is a logistic function 
such as: 


pCinsolv|X) = ois 


It has the desired properties we are looking for: it ranges 
between zero and one and depends on Z-scores estimated by 
discriminant analysis. 


In fact, it is possible to prove that, starting from the discriminant 
function Z, we obtain the above mentioned logistic expression 
by calculating: 


i n| a le pice) Ne — Xa) 


solv insolv 
g 
solv Se 
| n am -off 
Ainso 


p= Caa = Ae) 


solv insolv 


As previously mentioned, C is the variance/covariance matrix, 
and x are the vectors containing means of the two groups 
(defaulted and performing) in the set of variables X. Therefore, 
logistic transformation can be written as: 


ptinsolv|X) = 


in which Z.u+— of is the cut-off point before calibration and 
p(insolv|X) is the calibrated probability of default. 


Once this calibration has been achieved, a calibration concern- 
ing cost misclassifications can also be applied. 


Statistical Methods: Logistic Regression 


Logistic regression models (or LOGIT models) are a second group 
of statistical tools used to predict default. They are based on the 
analysis of dependency among variables. They belong to the family 
of Generalized Linear Models (GLMs), which are statistical models 
that represent an extension of classical linear models; both these 
families of models are used to analyze dependence, on average, of 
one or more dependent variables from one or more independent 
variables. GLMs are known as generalized because some funda- 
mental statistical requirements of classical linear models, such as 
linear relations among independent and dependent variables or 
the constant variance of errors (homoscedasticity hypothesis), are 
relaxed. As such, GLMs allow modeling problems that would oth- 
erwise be impossible to manage by classical linear models. 


A common characteristic of GLMs is the simultaneous presence 
of three elements: 


1. A Random Component: identifies the target variable and its 
probability function. 


2. A Systematic Component: specifies explanatory variables 
used in a linear predictor function. 


3. A Link Function: a function of the mean of the target vari- 
able that the model equates to the systematic component. 


These three elements characterize linear regression models and 


are particularly useful when default risk is modeled. 


Consider a random binary variable, which takes the value of one 
when a given event occurs (the borrower defaults), and other- 
wise it takes a value of zero. Define 7 as the probability that this 
event takes place; Y is a Bernoulli distribution with known char- 
acteristics (Y ~ Ber(zr), with m being the unknown parameter of 
the distribution). Y, as a Bernoullian distribution, has the follow- 
ing properties: 


POC = a, PO = 0) ar 

e E(Y) = m, Variance(Y) = z7(1 — r) 

e fly: a) = 71 — n) per yel(0, J}eO =r <1 
Therefore, Y is the random component of the model. 


Now, consider a set of p variables x4, x2, .., Xp (with p lower than 
the number n of observations), p + 1 coefficients Bp, B1 ... , Bp 
and a function 9(-). This function is known as the ‘link func- 
tion’, which links variables x; and their coefficients 8; with the 
expected value E(Y) = 7; of the rth observation of Y, using a 
linear combination such as: 


p 
aaa =B, +B, A Xo + BL a + DB, Tn 
pat 
This linear combination is known as a linear predictor of the 
model and is the systematic component of the model. 


The link function g(r) is monotonic and differentiable. It is pos- 
sible to prove that it links the expected value of the dependent 
variable (the probability of default) with the systematic compo- 
nent of the model which consists of a linear combination of the 


explicative variables x4, xz,... , Xp and their effects £; 


These effects are unknown and must be estimated. When a 
Bernoullian dependent variable is considered, it is possible to 
prove that: 


gC) = log =b,+> b -x EE PPR, 


i 


As a consequence, the link function is defined as the logarithm 
of the ratio between the probability of default and the probabil- 
ity of remaining a performing borrower. This ratio is known as 
‘odds’ and, in this case, the link function g(-) is known as LOGIT 


(to say the logarithm of odds): 
t 


logit(z.) = log: 
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The relation between the odds and the probability of default 
can be written as: odds = 7 /(1 — 7) or, alternatively, as 
m = odds/(1 + odds). 


Therefore, a LOGIT function associates the expected value of 
the dependent variable to a linear combination of the indepen- 
dent variables, which do not have any restrictive hypotheses. As 
a consequence, any type of explanatory variables is accepted 
(both quantitative and qualitative, and both scale and categori- 
cal), with no constraints concerning their distribution. The rela- 
tionship between independent variables and the probability of 
default 7 is nonlinear (whereas the relation between logit (7) 
and independent variables is linear). To focus differences with 
the classical linear regression, consider that: 


e In classical linear regression the dependent variable range is 
not limited and, therefore, may assume values outside the [0; 


1] interval; when dealing with risk, this would be meaningless. 


Instead, a logarithmic relation has a dependent variable con- 
strained between zero and one. 


e The hypothesis of homoscedasticity of the classical linear 
model is meaningless in the case of a dichotomous depen- 
dent variable because, in this circumstance, variance is equal 
to ar (1 — 7). 

e The hypothesis testing of regression parameters is based on 
the assumptions that errors in prediction of the dependent 
variables are distributed similarly to normal curves. But, when 
the dependent variable only assumes values equal to zero or 
one, this assumption does not hold. 


It is possible to prove that logit (77) can be rewritten in terms of 
default probability as: 


When there is only one explanatory variable x, the function can 
be graphically illustrated, as in Figure 4.5. 


0 x 


GMJ Default probability in the case of a single 


independent variable. 


Note that this function is limited within the [0;1] interval, and 

is coherent with what we expect when examining a Bernoul- 

lian dependent variable: in this case, the coefficient 84 sets the 
growth rate (negative or positive) of the curve and, if it is nega- 
tive, the curve would decrease from one to zero; when B has 

a tendency towards zero, the curve flattens, and for B = 0 the 
dependent variable would be independent from the explanatory 
variable. 


Now, let's clarify the meaning of ‘odds’. As previously men- 
tioned, they are the ratio between default probability and non- 
default probability. 


Continuing to consider the case of having only one explanatory 
variable, the LOGIT function can be rewritten as: 


= olo +B" 
1-1 


1 


By 
i} 


= ef fe 


a 


It is easy to interpret B. The odds are increased by a multiplica- 
tive factor eê for one unit increase in x; in other words, odds 
for x + 1 equal odds for x multiplied by ef. When B = O, then 
e? = 1 and thus odds do not change when x assumes different 
values, confirming what we have just mentioned regarding the 
case of independency. Therefore: 


at odds after a unit change in the predictor 
original odds 


We call this expression ‘odds ratio’. Be cautious because the ter- 
minology used for odds is particularly confusing: often, the term 
that is used for odds is ‘odds ratios’ (and consequently this ratio 
should be defined as ‘odds ratio ratio’!). 


In logistic regression, coefficients are estimated by using the 
‘maximum likelihood estimation’ (MLE) method; it selects the 
values of the model parameters that make data more likely than 
any other parameter’ values would. 


If the number of observations n is high enough, it is possible to 
derive asymptotic confidence intervals and hypothesis testing 
for the parameters. There are three methods to test the null 
hypothesis Ho : 6; = O (indicating, as mentioned previously, that 
the probability of default is independent from explanatory vari- 
ables). The most used method is the Wald statistic. 


A final point needs to be clarified. Unlike LDA, logistic regres- 
sion already yields sample-based estimates of the probability 

of default (PD), but this probability needs to be rescaled to 

the population’s prior probability. Rescaling default probabili- 
ties is necessary when the proportion of bad borrowers in the 
sample ‘is different from the actual composition of the portfolio 
(population) in which the logistic model has to be applied. The 
process of rescaling the results of logistic regression involves six 
steps (OeNB and FMA, 2004): 
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1. Calculation of the average default rate resulting from logis- 
tic regression using the development sample (77); 


ag 


Conversion of this sample's average default rate into 
sample’s average odds (SampleOdds), and calculated as 
follows: 


kad 
it 


Odds = —— 
1-f 


3. Calculation of the population's average default rate (prior 
probability of default) and conversion into population aver- 
age odds (PopOdds); 


> 


Calculation of unscaled odds from default probability result- 
ing from logistic regression for each borrower; 


5. Multiplication of unscaled odds by the sample-specific scal- 
ing factor: 
ScaledOdds = UnscaledOdds : _ PopOdds _ 
SampleOdds 


Conversion of the resulting scaled odds into scaled default 
probabilities (77s): 


n ScaledďdOdds 
$ 14+ ScaledOdds 


This makes it possible to calculate a scaled default probability 
for each possible value resulting from logistic regression. Once 
these default probabilities have been assigned to grades in the 
rating scale, the calibration is complete. 


It is important to assess the calibration of this prior-adjusted 
model. The population is stratified into quantiles, and the log 
odds mean is plotted against the log of default over performing 
rates in each quantile. In order to better reflect the population, 
default and performing rates are reweighted as described above 
for the population’s prior probability. These weights are then 
used to create strata with equal total weights, and in calculat- 
ing the mean odds and ratio of defaulting to performing. The 
population is divided among the maximum number of quantiles 
so that each contains at least one defaulting or performing case 
and so that the log odds are finite. For a perfectly calibrated 
model, the weighted mean predicted odds would equal the 
observed weighted odds for all strata, so the points would lie 
alongside the diagonal. 


From Partial Ratings Modules to the 
Integrated Model 


Statistical models’ independent variables may represent varie- 
gate types of information: 


1. firms’ financial reports, summarized both by ratios and 
amounts; 


r 


internal behavioral information, produced by operations 
and payments conveyed through the bank or deriving from 
periodical accounts balances, facility utilizations, and so on; 


= 


external behavioral information, such as credit bureau 
reports, formal and informal notification about payments in 
arrears, dun letters, legal disputes and so on; 


> 


credit register’s behavioral data, summarizing a borrower's 
credit relationships with all reporting domestic banks financ- 
ing it; 

5. qualitative assessments concerning firms’ competitiveness, 
quality of management, judgments on strategies, plans, 
budgets, financial policies, supplier and customer relation- 
ships and so forth. 


These sources of information are very different in many aspects: 
frequency, formalization, consistency, objectivity, statistical 
properties, and data type (scale, ordinal, nominal). Therefore, 
specific models are often built to separately manage each of 
these sources. These models are called ‘modules’ and produce 
specific scores based on the considered variables; they are then 
integrated into a final rating model, which is a ‘second level 
model’ that uses the modules’ results as inputs to generate the 
final score. Each model represents a partial contribution to the 
identification of potential future defaults. 


The advantages of using modules, rather than building a unitary 
one-level model, are: 


e To facilitate models’ usage and maintenance, separating 
modules using more dynamic data from modules which 
use more stable data. Internal behavioral data are the most 
dynamic (usually they are collected on a daily basis) and sen- 
sitive to the state of the economy, whereas qualitative infor- 
mation is seen as the steadiest because the firm's qualitative 
profile changes slowly, unless extraordinary events occur. 


e To re-calculate only modules for which new data are 
available. 


e To obtain a clear picture of the customer's profiles which are 
split into different analytical areas. Credit officers are facili- 
tated to better understand the motivations and weaknesses 
of a firm's credit quality profile. At the same time, they can 
better assess the coherence and suitability of commercial 
proposals. 


e All different areas of information contribute to the final rat- 
ing; in one-level models the entire set of variables belonging 
to a specific area can be crowded out by other more power- 
ful indicators. 


e When a source of information is structurally unavailable (for 
instance, internal behavioral data for a prospective bank 
customer), different second-level models can be built by only 
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using the available module, in order to tackle these When modules are used in parallel, estimating the best func- 
circumstances. tion in order to consolidate them in a final rating model is not 


e Information in each module has its peculiar statistical proper- a simple task. On one hand, outputs from different datasets 


ties and, as a consequence, model building can be conve- explain the same dependent variables; inevitably, these out- 


niently specialized. puts are correlated to each other and may lead to unstable and 


unreliable final results; specific tests have to be performed (such 


Modules can be subsequently connected in parallel or in as the Durbin-Watson test). On the other hand, there are many 


sequence, and some of them can be model based or rather possible methodological alternatives to be tested and important 


judgment based. Figure 4.6 Nusiiehes two possible solutions ae E A Aca E annie Seen 
for the model structure. In Solution A (parallel approach), 


modules’ outputs are the input for the final second-level 


rating model. In the example in Figure 4.6, judgment-based Unsupervised Techniques for Variance 


analysis is only added at the end of the process involving Reduction and Variables’ Association 
model-based modules; in other cases, judgment-based 


analysis can contribute to the final rating in parallel with other Statistical approaches such as LDA and LOGIT methods are 
modules, as one of the modules which produces partial ratings. called ‘supervised’ because a dependent variable is defined (the 
In Solution B there is an example of sequential approach default) and other independent variables are used to work out a 
(also known as the ‘notching up/down approach’). Here, only reliable solution to give an ex ante prediction. Hereafter, we will 
financial information feeds the model whereas other modules illustrate other statistical techniques, defined as ‘unsupervised’ 
notch financial model results up/down, by adopting structured because a dependent variable is not explicitly defined. The bor- 
approaches (notching tables or functions) or by involving rowers or variables’ sets are reduced, through simplifications 
experts into the notching process. and associations, in an optimal way, in order to obtain some 


e Solution A: Parallel approach 


Financial report ratios 
and amounts 


Internal information (facility usage, 
account balance, 
overdraft, etc.) 


External information (credit bureau, 
legal notifications, etc.) 


Final rating 


Second level model 
Model's rating 
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* Solution B: Sequential approach 


Internal External informa- 


Qualitative 


Financial report A nioran (facility tion (Eredi bureau, information S 
ratos and z usage, account legal notifications, : a 
D and expert’s 2 
amounts -z balance, overdraft, etc.) a i pe 
R etc.) pee g 
= Li. 
GIRYA Possible architectures to structure rating modules in final rating. 
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sought-after features. Therefore, these statistical techniques are 
not directly aimed at forecasting potential defaults of borrow- 
ers but are useful in order to simplify available information. In 
particular, unsupervised statistical techniques are very useful for 
segmenting portfolios and for preliminary statistical explorations 
of borrowers’ characteristics and variables’ properties. 


Given a database with observations in rows and variables in 


columns: 


e ‘Cluster analysis’ operates in rows aggregating borrowers 
on the basis of their variables’ profile. It leads to a sort of 
statistically-based top down segmentation of borrowers. 
Subsequently, the empirical default rate, calculated seg- 
ment by segment, can be interpreted as the borrower’ 
default probability of each segment. Cluster analysis can also 
be simply used as a preliminary exploration of borrowers 
characteristics. 


e ‘Principal component analysis’, ‘factor analysis’, and ‘canoni- 
cal correlation analysis’ all operate in columns in order to 
optimally transform the set of variables into a smaller one, 
which is statistically more significant. 


In the future, these techniques may have a growing importance 
in order to build ‘second generation’ models in which the effi- 
cient use of information is essential. 


The objective of cluster analysis is to explore if, in a dataset, 
groups of similar cases are observable. This classification is 
based on ‘measures of distance’ of observations’ characteristics. 
Clusters of observations can be discovered using an aggregating 
criterion based on a specific homogeneity definition. Therefore, 
groups are subsets of observations that, in the statistical domain 
of the q variables, have some similarities due to analogous vari- 
ables’ profiles and are distinguishable from those belonging to 
other groups. The usefulness of clusters depends on: 


e algorithms used to define them, 


e economic meanings that we can find in the extracted 
aggregations. 


Operationally, we can use two approaches: hierarchical or 
aggregative on the one hand, and partitioned or divisive on the 
other hand (Tan, Steinbach, and Kumar, 2006). 


Hierarchical clustering Hierarchical clustering creates a hier- 
archy of clusters, aggregating them on a case-by-case basis, 

to form a tree structure (often called dendrogram), with the 
leaves being clusters and the roots being the whole population. 
Algorithms for hierarchical clustering are generally agglomera- 
tive, in the sense that we start from the leaves and successively 


we merge clusters together, following branches till the roots. 


Given the choice of the linkage criterion, the pair-wise distances 
between observations are calculated by generating a table of 
distances. Then, the nearest cases are aggregated and each 
resulting aggregation is considered as a new unit. The process 
re-starts again, generating new aggregations, and so on until we 
reach the root. Cutting the tree at a given height determines the 
number and the size of clusters; often, a graph presentation is 
produced in order to immediately visualize the most convenient 
decision to make. Usually, the analysis produces: 


e asmall number of large clusters with high homogeneity, 


e some small clusters with well defined and comprehensible 
specificities, 

e single units not aggregated with others because of their high 
specificity. 


Such a vision of data is of paramount importance for subsequent 
analytical activities, suggesting for instance to split groups that 
would be better analyzed by different models. 


As mentioned before, the choice of the distance measure to use 
is crucial in order to have meaningful final results. The measures 


which are most used are: 
e the Euclidean distance, 


e the geometric distance (also called Mahalanobis distance), 
which takes into account different scales of data and correla- 
tions in the variables, 


e the Hamming distance, which measures the minimum number 
of substitutions required to change one case into another, 


e some homogeneity measures, such as the y? test and the 
Fisher's F test. 


Obviously, each criterion has its advantages and disadvantages. 
It is advisable to pre-treat variables in order to reach a similar 
magnitude and variability; indeed, many methods are highly 
influenced by variables’ dimension and variance, and, thus, 

in order to avoid being unconsciously driven by some spe- 

cific population feature, a preliminary transformation is highly 
recommended. 


This method has many applications. One is the anomalies’ 
detection; in the real world, many borrowers are outliers, that 

is to say, they have a very high specificity. In a bank’s credit 
portfolio, start-ups, companies in liquidation procedures, and 
companies which have just merged or demerged, may have very 
different characteristics from other borrowers; in other cases, 
abnormalities could be a result of missing data and mistakes. 
Considering these cases while building models signifies biasing 
model coefficients estimates, diverting them from their central 
tendency. Cluster analysis offers a way to objectively identify 
these cases and to manage them separately from the remaining 
observations. 
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Divisive clustering The partitional (or divisive) approach is 
the opposite of hierarchical clustering, because it starts at the 
root and recursively splits clusters by algorithms that assign 
each observation to the cluster whose center (also called 
centroid) is the nearest. The center is the average of all the 
points in the cluster. According to this approach, the number 
of clusters (k) is chosen exogenously using some rules. Then, 
k randomly generated clusters are determined with their clus- 
ter center. Each observation is assigned to the cluster whose 
center is the nearest; new cluster centers are re-calculated 
and the procedure is repeated until some convergence crite- 
rion is met. A typical criterion is that the cases assignment has 
not changed from one round to the next. At the end of the 
analysis a min—max solution is reached: the intra-group vari- 
ance is minimized and the inter-group variance is maximized 
(subject to the constraint of the chosen clusters’ number). 
Finally, the groups’ profile is obtained showing the centroid 
and the variability around it. Some criteria help to avoid 
redundant iterations, avoiding useless or inefficient algorithm 
rounds. 


The interpretation is the same for hierarchical methods: some 
groups are homogeneous and numerous while others are much 
less so, with other groups being typically residual with a small 
number of observations that are highly spread in the hyperspace 
which is defined by variables set. Compared to aggregative 
clustering, this approach could appear better as it tends to force 
our population in fewer groups, often aggregating hundreds of 
observations into some tens of clusters. 


The disadvantage of these approaches is the required high cal- 
culation power. It exponentially increases with the number of 
initial observations and the number of iterative rounds of the 
algorithm. For such reasons, divisive applications are often lim- 


ited to preliminary explorative analyses. 


Let’s return to our data table containing n cases described by q 
variables X. Using cluster analysis techniques we have dealt with 
the table by rows (cases). Now, we will examine the possibility 
to work on columns (variables). These modifications are aimed 
at substituting the q variables in a smaller (far smaller) number 
of new m variables, which are able to summarize the majority 
of the original total variance measured in the given q variables 
profiles. Moreover, this new m set that we will obtain has more 
desirable features, like orthogonality, less statistical ‘noise’ 

and analytical problems. Therefore, we can reach an efficient 
description, reducing the number of variables, linearly indepen- 
dent from each other. 


Far beyond this perspective, these methods tend to unveil the 
database ‘latent structure’. The assumption is that much of the 
phenomena are not immediately evident. In reality, the variables 
we identify and measure are only a part of the potential evi- 
dence of a complex, underlying phenomenon. A typical example 
is offered in the definition of intelligence in psychology. It is 
impossible to directly measure intelligence per se; the only 
method we have is to sum up the partial measures related to the 
different manifestations of intelligence in real life. Coming back 
to finance, for instance, firm profitability is something that is 
apparent at the conceptual level but, in reality, is only a compos- 
ite measure (ROS, ROI, ROE, and so forth); nevertheless, we use 
the profitability concept as a mean to describe the probability of 
default; so we need good measures, possibly only one. 


What can we do to reach this objective? The task is not only to 
identify some aspects of the firm’s financial profile but also to 
define how many ‘latent variables’ are behind the ratio system. 
In other words, how much basic information do we have in a bal- 
ance sheet that is useful for developing powerful models, avoid- 
ing redundancy but maintaining a sufficient comprehensiveness 
in describing the real circumstances? 


Let's describe the first of these methods; one of the most well 
known is represented by ‘principal components analysis’. With 
this statistical method, we aim to determine a transformation of 
the original n X q table into a second, derived, table n X w, in 
which, for the generic j case (described through x; in q original 
variables) the following relation holds: 


w. = Xa, 
J f 
subject to the following conditions: 


1. Each w; summarizes the maximum residual variance of the 
original q variables which are left unexplained by the (i — 1) 
previously extracted principal component. Obviously, the 
first one is the most general among all w extracted. 


2. Each w; is perpendicular in respect to the others. 


Regarding 1, we must introduce the concept of principal com- 
ponent communality. As mentioned before, each w has the 
property to summarize part of the variance of the original q 
variables. This performance (variance explained divided by total 
original variance) is called communality, and is expressed by 

the w; principal component. The more general the component 
is (i.e., has high communality) the more relevant is the ability to 
summarize the original variables set in one new composed vari- 
able. This would compact information otherwise decomposed in 
many different features, measured by a plethora of figures. 


Determination of the principal components is carried out by 
recursive algorithms. The method is begun by extracting the 


94 E Financial Risk Manager Exam Part Il: Credit Risk Measurement and Management 


first component that reaches the maximum communality; then, 
the second is extracted by operating on the residuals which 
were not explained by the previous component, under the con- 
straint of being orthogonal, until the entire original variables set 


is transformed into a new principal components set. 


Doing this, because we are recursively trying to summarize as 
much as we can of the original total variance, the component 
that are extracted later contribute less to explain the original 
variables set. Starting from the first round, we could go on until 
we reach: 


e a minimum pre-defined level of variance that we want to 
explain using the subset of new principal components, 


e a minimum communality that assures us that we are compact- 
ing enough information when using the new component set, 
instead of the original variables set. 


From a mathematical point of view, it is proven that the best first 
component is corresponding to the first eigenvalue (and associ- 
ated eigenvector) of the variables set; the second corresponds 
to the first eigenvalue (and associated eigenvector) extracted 

on the residuals, and so on. The eigenvalue is also a measure 

of the corresponding communality associated to the extracted 
component. With this in mind, we can achieve a direct and easy 
rule. If the eigenvalue is more than one, we are sure that we are 
summarizing a part of the total variance that is more than the 
information given by an individual original variable (all the origi- 
nal variables, standardized, have contribution of one to the final 
variance). Conversely, if the eigenvalue is less than one, we are 
using a component that contributes less than an original variable 
to describe the original variability. Given this rule, a common 
practice is to only consider the principal component that has an 
eigenvalue of more than one. 


If some original variables are not explained enough by the new 
principal component set, an iterative process can be performed. 
These variables are set apart from the database and a new 
principal component exercise is carried out until what could be 
summarized is compacted in the new principal component set 
and the remaining variables are used as they are. In this way, we 
can arrive at a very small number of features, some given by the 
new, orthogonally combined variables (principal components) 


and others by original ones. 


Let’s give an example to better understand these analytical 
opportunities. We can use results from a survey conducted in 
Italy on 52 firms based in northern Italy, which operate in the 
textile sector (Grassini, 2007). The goal of the survey was to 

find some aspects of sector competition; the variables refer to 
profitability performances, financial structure, liquidity, leverage, 
the firms positioning in the product/segment, R&D intensity, 


technological profile, and marketing organization. The variables 
list is shown in Table 4.10. 


Table 4.11 shows the results of principal components extracted, 
that is to say, the transformation of the original variables set in 
another set with desirable statistical features. The new variables 
(components) are orthogonal and (as in a waterfall) explain the 
original variance in descending order. 


The first three components summarize around 81% of the 
total original variance, and eigenvalues explain how much vari- 
ance is accounted by each component. The first component, 
despite being the most effective, takes into account 40% of 
the total. Therefore, a model based only on one component 
does not account for more than this and would be too ineffi- 
cient. By adding two other features (represented by the other 
two components), we can obtain a picture of four-fifths of 
the total variability, which can be considered as a good suc- 
cess. Table 4.12 shows the correlation coefficients between 
the original variables set and the first three components. 

This table is essential for detecting the meaning of the new 
variables (components) and, therefore, to understand them 
carefully. 


The first component is the feature that characterizes the vari- 
ables set the most. In this case, we can see that it is highly 
characterized by the liquidity variables, either directly (for cur- 
rent liquidity and quick liquidity ratios) or inversely correlated 
(financial leverage). A good liquidity structure reduces lever- 
age and vice versa; so the sign and size of the relationships 

are as expected. There are minor (but not marginal) effects on 
operational and shareholders’ profitability: that is, liquidity also 
contributes to boost firm's performances; this relationship is 
also supported by results of the Harvard Business School's Profit 
Impact of Market Strategy (PIMS) database long term analysis 
(Buzzell and Gale, 1987, 2004). 


The second component focuses on profitability. The lighter 
the capital intensity of production, the better the gener- 
ated results are, particularly in respect of working capital 
requirements. 


The third component summarizes the effects of intangibles, 
market share and R&D investments. In fact, R&D and intangibles 
are related to the firm's market share, that is to say, to the firm's 
size. What is worth noting is that the principal components’ pat- 
tern does not justify the perception of a relation between intan- 
gibles, market share and profitability and/or liquidity. 


The picture that is achieved by the above exercise is that, in the 
textile sector in Northern Italy, the firm's profile can be obtained 
by a random composition of three main components. That is to 

say, a company could be liquid, not necessarily profitable and 
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IEICE ele) Variables, Statistical Profile and Correlation Matrix 


Variables Typology 


7 


Profitability performance 


SHARE 


@ 


Financial structure on short and medium term horizon 


MTCl 


Intangibles (royalties, R&D expenses, product development 
and marketing) 


Variable Denomination 


O 


R&S 


Definition 


m 


net profit/net shareholders capital 
EBIT/invested capital 

market share (in %) 

current assets/current liabilities 
liquidity/current liabilities 


(current liabilities + permanent 
liabilities)/invested capital 


intangibles fixed assets/invested 
capital (in percentage) 


Pa al 
Ratios Value Value Deviation Coefficient Asymmetry Kurtosis 
ROE 5.088 
ROI 5.985 
CR 4.564 
OR 2.896 
MTC 0.724 
SHARE (%) 7.076 
RES (7) 9.625 
Ratios  |RoE | ROL [CR | R | ct  |SHARE(%) | R&S% 
poe | soo PE 
rol | ossa | oop ||| 
cr | -0.002 | oos | 1o0 ||P 
on | ooa | oœ | osna | tooo || 
mci | -o1s1 | -0333 | -o7s2 | -o7a9 | 1000 | | 
SHARE 


Bold: statistically meaningful correlation. 


with high investments in intangibles, with a meaningful market 
share. Another company could be profiled in a completely dif- 
ferent combination of the three components. 


Given the pattern of the three components, a generic new firm j, 
belonging to the same population of the sample used here (sec- 
tor, region, and size, for instance), could be profiled using these 

three ‘fundamental’ characteristics. 


How can we calculate the value of the three components, start- 
ing from the original variables? Table 4.13 shows the coefficients 
that link the original variables to the new ones. 


The table can be seen as a common output of linear regression 
analysis. Given a new ith observation, the jth component's 
value Scomp j is calculated by summing up the original variables 
x, multiplied by the coefficients, as shown below: 


Some! = Roe, X 0,133 — Roi, x 0,176 + CR, x 0,316 
+ QR X 0,320 — MTCI, X (0,323) — SHARE, 


X (0,020) = R&S; x (0,078) 


This value is expressed in the same scale of the original vari- 
ables, that is, it is not standardized. All the components are in 
the same scale, so they are comparable with one another in 
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LECE% kI Principal Components 


Components Cumulated Variance Explained (%) 
COMP’ 39.458 

COMP2 65.556 

COMPS 81.245 

COMP4 93.167 

COMPS 96,393 

COMPS 98.846 

COMP? 100.000 

Total 


LE) (PA Correlation Coefficients Between Original Variables and Components 


ROE 0.098 
CR 0.874 0.077 
OR 0.117 
MTC 0.144 
SHARE (%) 0.391 
R&S (%) 0.369 


* Share of variable’s variance left unexplained by the considered components. 


IEICE ee The Link Between Variables and 


Components 


Original Variables COMP3 
ROE 0.048 
ROI -0.091 
CR 0.052 
OR -0.040 


logistic regression and/or cluster analysis. In this perspective, 
principal component analysis could be employed in model 
building as a way to pre-filter original variables, reducing their 
number, avoiding the noise of idiosyncratic information. 


Now, consider ‘factor analysis’, which is similar to principal com- 
ponent; it is applied to describe observed variables in terms of 
fewer (unobserved) variables, known as ‘factors’. The observed 
variables are modeled as linear combinations of the factors. 


MTCl —0.323 0.082 0.178 
SHARE (%) —0.020 0.142 —0.668 
R&S (%) —0.078 =0. 156 —0.646 


terms of mean (higher, lower) and variance (high/low relative 
variability). Very often, this is a desirable feature for the model 
builder. Principal components maintain the fundamental infor- 
mation on the level and variance of the original data. Therefore, 
principal components are suitable to be used as independent 
variables to estimate models, as all other variables used in LDA, 


Why do we need factors? Unless the latent variable of the 
original q variables dataset is singular, the principal component 
analysis may not be efficient. In this case, factor analysis may be 
useful. 


Assume that there are three ‘true’ latent variables. The principal 
component analysis attempts to extract the most common first 
component. This attempt may not be completed in an efficient 
way, because we know that there are three latent variables and 
each one will be biased by the effect of the other two. In the 
end, we will have an overvaluation of the first component con- 
tribution; in addition, its meaning will not be clear, because of 
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the partial overlapping with the other two latent components. 
We can say that, when the likely number of latent variables is 
more than one, we will have problems in effectively finding the 
principal component profiles associated to the ‘true’ underlying 
fundamentals. So, the main problem of principal components 
analysis is to understand what the meaning of the new variables 
is, and to use them as more efficient combination of the original 
variables. 


This problem can be overcome using the so called ‘factor analy- 
sis’, that is, in effect, often employed as the second stage of 
principal component analysis. The role of this statistical method 
is to: 


e define the minimum statistical dimensions needed to effi- 
ciently summarize and describe the original dataset, free of 
information redundancies, duplications, overlapping, and 
inefficiencies; 


e make a transformation of the original dataset, to give the 
better statistical meaning to the new latent variables, adopt- 
ing an appropriate optimization algorithm to maximize the 
correlation with some variables and minimize the correlation 
with others. 


In this way, we are able to extract the best information from our 
original measures, understand them and reach a clear picture of 
what is hidden in our dataset and what is behind the borrowers’ 
profiles that we directly observe in raw data. 


Thurstone (1947), an American pioneer in the fields of psycho- 
metrics and psychophysics, described the set of criteria needed 
to define ‘good’ factor identification for the first time. In a cor- 
relation matrix showing coefficients between factors (in columns) 
and original variables (in rows), the required criteria are: 


1. each row ought to have at least one zero; 

2. each column ought to have at least one zero; 

3. considering the columns pair by pair, as many coefficients as 
possible have to be near zero in one variable and near one 
in the other; there should be a low number of variables with 
value near one; 

4. if factors are more than two, in many pairs of columns some 


variables have to be near zero in both columns. 


In reality, these sought-after profiles are difficult to reach. To 
better target a factors’ structure with these features, a further 
elaboration is needed; we can apply a method called ‘factor 
rotation’, a denomination derived from its geometrical interpre- 
tation. Actually, the operation could be thought of as a move- 
ment of the variable in the g-dimensions hyperspace to better 
fit some variables and to get rid of others, subject to the condi- 
tion to have orthogonal factors one to the other. This process is 


a sort of factors adaptation in the space, aimed at better arrang- 
ing the fit with the original variables and achieving more recog- 
nizable final factors. 


To do this, factors have to be isomorphic, that is, standardized 
numbers, in order to be comparable and easily transformable. 
So, the first step is to standardize the principal components. 
Then, factor loadings (i.e., the value of the new variables) should 
be expressed as standardized figures (mean equal to zero and 
standard deviation equal to one). Factor loadings are compa- 
rable to one another but are not comparable (for range and size) 
with the original variables (on the contrary it is possible for prin- 
cipal components). 


Furthermore, the factors depend on the criteria adopted to con- 
duct the so-called ‘rotation’. There are many criteria available. 
Among the different solutions available, there is the so-called 
‘varimax method.’? This rotation method targets either large or 
small loadings of any particular variable for each factor. The 
method is based on an orthogonal movement of the factor axes, 
in order to maximize the variance of the squared loadings of a 
factor (column) on all of the variables (rows) in a factor matrix. 
The obtained effect is to differentiate the original variables by 
extracted factors. A varimax solution yields results which make it 
as easy as possible to identify each variable with a single factor. 
In practice, the result is reached by iteratively rotating factors in 
pairs; at the end of the iterative process, when the last round 
does not add any new benefit, the final solution is achieved. The 
Credit Risk Tracker model, developed by the Standards & Poor's 
rating agency for unlisted European and Western SME compa- 


nies, uses this application. 


Another example is an internal survey, conducted at Istituto 
Bancario Sanpaolo Group on 50,830 financial reports, extracted 
from a sample of more than 10,000 firms, collected between 
1989 and 1992. Twenty-one ratios were calculated; they were 
the same used at that time by the bank to fill in credit approval 
forms; two dummy variables were added to take the type of 
business incorporation and the financial year into consideration. 
The survey objective was a preliminary data cleansing trying to 
identify clear, dominant profiles in the dataset, and separating 
‘outlier’ units from the largely homogeneous population. The 
elaboration was based on a two-stage approach, the first con- 
sisting of factor analysis application, and the second using fac- 
tors profiles to work out clusters of homogenous units. 


2 Varimax rotation was introduced by Kaiser (1958). The alternative 
called ‘normal-varimax’ can also be considered. The difference is the 
use of a rotation weighted on the factor eigenvalues (Loehlin, 2003; 
Basilevsky, 1994). For a wider discussion on the Kaiser Criterion see 
Golder and Yeomans (1982). 


3 Cangemi, De Servigny, and Friedman, 2003; De Servigny et al., 2004. 
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Starting from 21 variables, 18 were the components with an the corresponding eigenvalues on the Y-axis in descending 


eigenvalue of more than one, accounting for 99% of total vari- order) revealed a well established elbow after the first five 
ance; the first five, on which we will concentrate our analysis, factors and the others. The’ remaining 13 factors were rather 
accounted for 94%. Then, these 18 components were stan- a better specification of individual original attributes than fac- 
dardized and rotated. The explanation power was split more tors which were able to summarize common latent variables. 
homogeneously through the various factors. The first five These applications were very useful, helping to apply at best 
were confirmed as the most common and were able to sum- cluster analysis that followed, conducted on borrowers’ pro- 
marize 42% of total variance in a well and identifiable way; files based on common features and behaviors. Table 4.14 


the ‘Cattell scree test’ (that plots the factors on the X axis and reports original variables, means, and factors structures, that 
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is, the correlation coefficients between original variables 
and factors. 


Coming to the economic meanings of the results of the analy- 
sis, it can be noted that the first six variables derive from clas- 
sical ratios decomposition. Financial profitability, leverage, 
and turnover are correlated to three different, orthogonal 
factors. As a result, they are three different and statistically 
independent features in describing a firm’s financial structure. 
This is an expected result from the firm’s financial theory; for 
instance, from Modigliani—Miller assertions that separated 
operations from financial management. Moreover, from this 
factor analysis, assets turnover is split into two independent 
effects, that of fixed assets turnover on one side and that of 
working capital turnover on the other. This interpretation is 
very interesting. Very similar conclusions emerge from the 
PIMS econometric analysis, where capital intensity is proven to 
highly influence strategic choices and competitive positioning 
among incumbents and potential competitors, crucially impact- 
ing on medium term profits and financial returns. The last fac- 
tor regards the composition of firm's financial sources, partially 
influenced by the firm’s competitive power in the customer/ 
supply chain, with repercussions on leverage and liabilities 
arrangement. 


Eventually, a final issue regards the economic cycle. The finan- 
cial years from 1989 to 1992 were dramatically different. In par- 
ticular, 1989 was one of the best years since the Second World 
War; 1992 was one of the worst for Italy, culminating with a 
dramatic devaluation of the currency, extraordinary policy mea- 
sures and, consequently, the highest default rate in the indus- 
trial sectors recorded till now. We can note that the effect of the 
financial year is negligible, stating that the economic cycle is not 
as relevant as it is often assumed in determining the structural 
firms’ profiles. 


The cluster analysis that followed extracted 75% of borrowers 
with high statistical homogeneity and, based on them, a pow- 
erful discriminant function was estimated. The remaining 25% 
of borrowers showed high idiosyncratic behaviors, because 
they were start-ups, companies in liquidation, demergers or 
recent mergers; or simply data loading mistakes, or cases 
with too many missing values. By segregating these units, a 
high improvement in model building was achieved, avoid- 

ing statistical ‘white noise’ that could give unreliability to 


estimates. 


The final part of this section is devoted to the so-called ‘canoni- 
cal correlation’ method, introduced by Hotelling in the 1940s. 
This is a statistical technique used to work out the correspon- 
dence between a set of dependent variables and another set of 
independent variables. Actually, if we have two sets of variables, 


one dependent (Y,) and another to explain the previous one 
(independent variables, X;), then canonical correlation analysis 
enables us to find linear combinations of the Y, and the X; which 
have a maximum correlation with each other. Canonical correla- 
tion analysis is a sort of factor analysis in which the factors are 
extracted out of the X; set, subject to the maximum correlation 
with the factors extracted out of the Y; set. In this way we are 
able to work out: 


e how many factors (i.e., fundamental or ‘basic’ information) 
are embedded in the Y; set, 


e the corresponding factors out of the X; set that are maximally 
correlated with factors extracted from the Y, set. 


Y and X factors are orthogonal to one another, guaranteeing 
that we analyze actual (or latent) dimensions of phenomena 
underlying the original dataset. 


In theory, canonical correlation can be a very powerful method. 
The only problem lies in the fact that, at the end of the analy- 
sis, we cannot rigorously calculate factors’ scores, and, also, 
we cannot measure the borrowers’ profile in new dependent 
and independent factors, but instead we can only generate 


proxies. 


A canonical correlation is typically used to explore what is 
common amongst two sets of variables. For example, it may 
be interesting to explore what is explaining the default rate 
and the change of the default rate on different time horizons. 
By considering how the default rate factors are related to the 
financial ratios factors, we can gain an insight into what dimen- 
sions were common between the tests and how much variance 
was shared. This approach is very useful before starting to build 
a model based on two sets of variables; for example, a set of 
performance measures and a set of explanatory variables, or 

a set of outputs and a set of inputs. Constraints could also be 
imposed to ensure that this approach reflects the theoretical 
requirements. 


Recently, on a database of internal ratings, in SanPaololMI a 
canonical correlation analysis has been developed. It aims at 
explaining actual ratings and changes (Y set) by financial ratios 
and qualitative attributes (X set). The results were interest- 

ing: 80% of the default probability (both in terms of level and 
changes) was explained by the first factor, based on high coef- 
ficients on default probabilities; 20% was explained by the 
second factor, focused only on changes in default probability. 
This second factor was highly correlated with a factor extracted 
from the X set, centered on industrial and financial profitabil- 
ity. The interpretation looks unambiguous: part of the future 
default probability change depends on the initial situation; the 
main force to modify this change lies in changes in profitability. 
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A decline in operational profits is also seen as the main driver 
for the fall in credit quality and vice versa. 


Methods like cluster analysis, principal component, factor analy- 
sis, and canonical correlation are undoubtedly very attractive 
because their potential contribution in the cleansing dataset 
and refining the data interpretation and the model building 
approach. Considering clusters, factors or canonical correlation 
structures help to better master the information available and 
identify the borrower’ profile determinants. Starting from the 
early 1980s, these methods achieved a growing role in statistics, 
leading to the so-called ‘exploratory multidimensional statisti- 
cal analyses’; this was a branch of statistics born in the 1950s as 
‘explorative statistics’ (Tukey, 1977). He introduced the distinc- 
tion between exploratory data analysis and confirmatory data 
analysis, and stated that the statistical analysis often gives too 
much importance to the latter, undervaluing the former. Subse- 
quently, this discipline assumed a very relevant function in many 
fields, such as finance, health care, marketing, and complex 
systems’ analysis (i.e., discovering the properties of complex 
structures, composed by interconnected parts that, as a whole, 
exhibit behaviors not obvious from the properties of the indi- 
vidual parts). 


These methods are different in role and scope from discrimi- 
nant or regression analyses. These last two methods are directly 
linked with decision theory (which aims at identifying values, 
uncertainties and other issues relevant for rational decision mak- 
ing). As a result of their properties, discriminant and regression 
analyses permit inferring properties of the ‘universe’ starting 
from samples. Techniques of variance reduction and associa- 
tion do not share these properties; they are not methods of 
optimal statistical decision. Their role is to arrange, order, and 
compact the available information, to reach better interpreta- 
tions of information, as well as to avoid biases and inefficien- 
cies in model building and testing. When principal components 
are used as a pre-processor to a model, their validity, stability 
and structure has to be tested over time in order to assess if 
solutions are still valid or not. In our experience, the life cycle 
of a principal component solution is around 18-24 months; fol- 
lowing the end of this period, important adjustments would be 
needed. 


Conversely, these methods are very suitable for numerical 
applications, and neural networks in particular, as we will subse- 
quently examine. 


Cash Flow Simulations 


The firm's future cash flow simulation ideally stays in the middle 
between reduced form models and structural models. It is based 


on forecasting a firm's pro-forma financial reports and studying 
future performances’ volatility; by having a default definition, for 
instance, we can see how many times, out of a set of iterative 
simulations, the default barrier will be crossed. The number of 
future scenarios in which default occurs, compared to the num- 
ber of total scenarios simulated, can be assumed as a measure 
of default probability. 


Models are based partly on statistics and partly on numeric 
simulations; the default definition could be exogenously or 
endogenously given, due to a model's aims and design. So, 
as previously mentioned, structural approaches (characterized 
by a well defined path to default, endogenously generated by 
the model) and reduced form approaches (characterized by 
exogenous assumptions on crucial variables, as market volatil- 
ity, management behaviors, cost, and financial control and so 
forth) are mixed together in different model architectures and 
solutions. 


It is very easy to understand the purposes of the method and 

its potential as a universal application. Nevertheless, there are 

a considerable number of critical points. The first is model risk. 
Each model is a simplification of reality; therefore, the cash flow 
generator module cannot be the best accurate description of 
possible future scenarios. But, the cash flow generator is crucial 
to count expected defaults. Imperfections or inaccuracies in its 
specification are vital in determining default probability. Hence, 
it is evident that we are merely transferring one problem (the 
direct determination of default probability through a statistical 
model) to another (the cash flow generator that produces the 
number of potential default circumstances). Moreover, future 
events have to be weighed by their occurrence in order to rig- 
orously calculate default probabilities. In addition, there is the 
problem of defining what default is for the model. We do not 
know if and when a default is actually filed in real circumstances. 
Hence, we have to assume hypotheses about the default thresh- 
old. This threshold has to be: 


e not too early, otherwise we will have many potential defaults, 
concluding that the transaction is very risky (but associated 
LGD will be low), 


e not too late, otherwise we will have low default probability 
(showing a low risk transaction) but we could miss some pre- 
default or soft-default circumstances (LGD will be predicted 
as severe). 


Finally, the analysis costs have to be taken into consideration. 
A cash flow simulation model is very often company specific or, 
at least, industry specific; it has to be calibrated with particular 
circumstances and supervised by the firm’s management and a 
competent analyst. The model risk is amplified by the cost to 
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build it, to verify and maintain its effectiveness over time. If we 
try to avoid (even partially) these costs, this could reduce the 
model efficiency and accuracy. 


Despite these problems, we have no real alternatives to using 
a firm’s simulation model in specific conditions, such as when 
we have to analyze a start-up, and we have no means to 
observe historical data. Let’s also think about special purpose 
entities, project companies, or companies that have merged 
recently, LBOs or other situations in which we have to assess 
plans but not facts. Moreover, in these transactions covenants 
and ‘negative pledges’ are very often contractually signed to 
control specific risky events, putting lenders in a better posi- 
tion to promptly act in deteriorating circumstances. These 
contractual clauses have to be modeled and contingently 
assessed to verify both when they are triggered and what 
their effectiveness is. The primary cash flow source for debt 
repayment stays in operational profits and, in case of difficul- 
ties, the only other source of funds is company assets; usu- 
ally, these are no-recourse transactions and any guarantee 

is offered by third parties. These deals have to be evaluated 
only against future plans, with no past history backing-up 
lenders. Individual analysis is needed, and it is necessarily 
expensive. Therefore, these are often ‘big ticket’ transactions, 
to spread fixed costs on large amounts. Rating (and therefore 
default probability) is assigned using cash flow simulation 
models. 


Profit and 
margin 
volatility 


Risk premium 
and values + 
discounting rate 


These models are often based on codified steps, producing 
inter-temporal specifications of future pro-forma financial 
reports, taking into consideration scenarios regarding: 


e how much cash flows (a) will be generated by operations, (b) 
will be used for financial obligations and other investments, 
and (c) what are their determinants (demand, costs, technol- 
ogy, and other crucial hypotheses), 


e complete future pro-forma specifications (at least ill the most 
advanced models), useful for also supporting more traditional 
analysis by ratios as well as for setting covenants and controls 
on specific balance sheet items. 


To reach the probability of default, we can use either a scenario 
approach or a numerical simulation model. In the first case, we 
can apply probability to different (discrete) pre-defined scenarios. 
Rating will be determined through a weighted mathematical 
expectation on future outcomes; having a spectrum of future 
outcomes, defined by an associated probability of occurrence, 

we could also select a confidence level (e.g., 68% or 95%) to 
cautiously set our expectations. In the second case, we can use 

a large number of model iterations, which describe different sce- 
narios: default and no-default (and also more diversified situations 
such as near-to-default, stressed and so forth) are determined and 
then the relative frequency of different stages is computed. 


To give an example, Figure 4.7 depicts the architecture of a 
proprietary model developed for financial project applications, 
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called SIMFLUX. The default criterion is defined in a Merton 
style approach; default occurs when the assets value falls 
below the ‘debt barrier’. The model also proposes the mar- 
ket value of debt, showing all the intermediate stages (sharp 
reduction in debt value) in which repayment is challenging but 
still achievable (near-to-default stages). These situations are 
very important in financial projects because, very often, waiv- 
ers are forced if things turn out badly, in order to minimize 
non-payment and default filing that would generate credit 
losses. 


The model works as follows: 


e the impact on project outcomes is measured, based on indus- 
trial valuations, sector perspectives and analysis, key success 
factors and so forth. Sensitivity to crucial macro-economic 
variables is then estimated. Correlation among the macro- 
economic risk factors is ascertained in order to find joint 
probabilities of potential future outcomes (scenario engine); 


e given macroeconomic joint probabilities, random scenarios 
are simulated to generate revenues’ volatility and its prob- 
ability density function; 


e applying the operational leverage, margin volatility is esti- 
mated as well. Then, the discount rate is calculated, with 
regards to the market risk premium and business volatility; 


e applying the discount rate to cash flows, the firm’s value is 
produced (from time to time for the first five years plus ‘ter- 
minal value’ beyond this horizon, using an asymptotic ‘fading 
factor’ for margins growth); 


e Monte Carlo random simulations are then run, to generate 
the final expected spectrum of assets and debt value; 


e then, default frequencies are counted, that is, the num- 
ber of occurrences in which assets values are less than 
debt values. Consequently, a probability of default is 
determined; 


e debt market values are also utilized by the model, plotted on 
a graph, to directly assess when there is a significant reduc- 
tion in debt value, indicating difficulties and potential ‘near- 
to-default’ situations. 


A Synthetic Vision of Quantitative-Based 
Statistical Models 


Table 4.15 shows a summary valuation on quantitative statistical- 
based methods to ratings assignment, mapped against the 
three desirable features previously described. 


Structural approaches are typically applied to listed companies 
due to the input data which is required. Variance reduction 
techniques are generally not seen as an alternative to regres- 
sion or discriminant functions but rather as a complement of 
them: only cluster analysis can be considered as an alternative 
when top down approaches are preferred; this is the case when 
a limited range of data representing borrowers’ characteristics 
is available. Cash flow analysis is used to rate companies whose 
track records are meaningless or non-existent. Discriminant and 
regression analyses are the principal techniques for bottom up 
statistical based rating models. 
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4.4 HEURISTIC AND NUMERICAL 
APPROACHES 


In recent years, other techniques besides statistical analyses 
have been applied to default prediction; they are mostly driven 
by the application of artificial intelligence methods. These meth- 
ods completely change the approach to traditional problem 
solving methods based on decision theory. There are two main 


approaches used in credit risk management: 


1. ‘Heuristic methods’, which essentially mimic human decision 
making procedures, applying properly calibrated rules in 
order to achieve solutions in complex environments. New 
knowledge is generated on a trial by error basis, rather than 
by statistical modeling; efficiency and speed of calculation 
are critical. These methods are opposed to algorithms- 
based approaches and are often known as ‘expert systems’ 
based on artificial intelligence techniques. The aim is to 
reproduce high frequency standardized decisions at the 
best level of quality and adopting low cost processes. Feed- 
backs are used to continuously train the heuristic system, 
which learns from errors and successes. 


na 


‘Numerical methods’, whose objective is to reach optimal 
solutions adopting ‘trained’ algorithms to take decisions in 
highly complex environments characterized by inefficient, 
redundant, and fuzzy information. One example of these 
approaches is ‘Neural networks’: these are able to continu- 
ously auto-update themselves in order to adjust to environ- 
mental modifications. Efficiency criteria are externally given 
or endogenously defined by the system itself. 


Expert Systems 


Essentially, expert systems are software solutions that attempt 
to provide an answer to problems where human experts would 
need to be consulted. Expert systems are traditional applica- 
tions of artificial intelligence. A wide variety of methods can be 
used to simulate the performance of an expert. Elements com- 
mon to most or all expert systems are: 

e the creation of a knowledge base (in other words, they are 
knowledge-based systems), 

e the process of gathering knowledge and codifying it 
according to some frameworks (this is called knowledge 
engineering). 

Hence, expert systems’ typical components are: 

1. the knowledge base, 
2. the working memory, 


3. the inferential engine, 


4. the user’s interface and communication. 


The knowledge base is also known as ‘long term memory’ 
because it is the set of rules used for decisions making pro- 
cesses. Its structure is very similar to a database containing facts, 
measures, and rules, which are useful to tackle a new decision 
using previous (successful) experiences. The typical formalization 
is based on ‘production rules’, that is, ‘if/then’ hierarchical items, 
often integrated by probabilities p and utility u. These rules cre- 
ate a decision making environment that emulates human prob- 
lem solving approaches. The speed of computers allows the 
application of these decision processes with high frequency in 
various contexts and circumstances, in a reliable and cost effec- 
tive way. 


The production of these rules is developed by specialists known 
as ‘knowledge engineers’. Their role is to formalize the decision 
process, encapsulating the decision making logics and informa- 
tion needs taken from practitioners who are experts in the field, 
and finally combining different rules in layers of inter-depending 
steps or in decisional trees. 


The ‘working memory’ (also known as short term memory) con- 
tains information on the problem to be solved and is, therefore, 
the virtual space in which rules are combined and where final 
solutions are produced. In recent years, information systems are 
no longer a constraint to the application of these techniques; 
computers’ data storage capacity has increased to a point where 
it is possible to run certain types of simple expert systems even 
on personal computers. 


The inferential engine, at the same time, is the heart and the 
nervous network of an expert system. An understanding of 

the ‘inference rules’ is important to comprehend how expert 
systems work and what they are useful for. Rules give expert 
systems the ability to find solutions to diagnostic and prescrip- 
tive problems. An expert system's rule-base is made up of many 
inference rules. They are entered into the knowledge base as 
separate rules and the inference engine uses them together to 
draw conclusions. As each rule is a unit, rules may be deleted or 
added without affecting other rules. One advantage of inference 
rules over traditional models is that inference rules more closely 
resemble human behavior. Thus, when a conclusion is drawn, it 
is possible to understand how this conclusion was reached. Fur- 
thermore, because the expert system uses information in a simi- 
lar manner to experts, it may be easier to find out the needed 
information from banks’ files. Rules can also incorporate prob- 
ability of events and the gain/cost of them (utility). 


The inferential engine may use two different approaches, back- 
ward chaining and forward chaining respectively: 


e ‘Forward chaining’ starts with available data. Inference rules 
are used until a desired goal is reached. An inference engine 
searches through the inference rules until it finds a solution 
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that is pre-defined as correct; the path, once recognized as 
successful, is then applied to data. Because available data 
determine which inference rules are used, this method is also 
known as data driven. 


e ‘Backward chaining’ starts with a list of goals. Then, working 
backwards, the system tries to find the path which allows it to 
achieve any of these goals. An inferential engine using back- 
ward chaining would search through the rules until it finds 
the rule which best matches a desired goal. Because the list 
of goals determines which rules are selected and used, this 


method is also known as goal driven. 


Using chaining methods, expert systems can also explore new 
paths in order to optimize target solutions over time. 


Expert systems may also include fuzzy logic applications. Fuzzy 
logic has been applied to many fields, from control theory to 
artificial intelligence. In default risk analysis, many rules are sim- 
ply ‘rule-of-thumb’ that have been derived from experts’ own 
feelings; often, thresholds are set for ratios but, because of the 
complexity of real world, they can result to be both sharp and 
severe in many circumstances. Fuzzy logic is derived from ‘fuzzy 
set theory’, which is able to deal with approximate rather than 
precise reasoning. Fuzzy logic variables are not constrained to 
the two classic extremes of black and white logic (zero and one), 
but rather they may assume any value between the extremes. 
When there are several rules, the set thresholds can hide inco- 
herencies or contradictions because of overlapping areas of 
uncertainty and logical mutual exclusions. Instead, adopting a 
more flexible approach, many clues can be integrated, reach- 
ing a solution that converges to a sounder final judgment. For 


example: 


e if interest coverage ratio (EBIT divided by interest paid) is less 
than 1.5, the company is considered as risky, 


e if ROS (EBIT divided by revenues) is more than 20%, the com- 
pany is considered to be safe. 


The two rules can be combined together. Only when both are 
valid, that is to say ROS is lower (higher) than 20% and interest 
coverage is lower (higher) than 1.5, we can reach a dichotomous 


risky/safe solution. In all other cases, we are uncertain. 


When using the fuzzy logic approach, the ‘low interest coverage 
rule’ may assume different levels depending on ROS. So, when 
a highly profitable company is considered, less safety in interest 
coverage can be accepted (for instance, 1.2). Therefore, fuzzy 
logic widens the spectrum of rules that expert systems can use, 
allowing them to approximate human decisional processes even 
better. 


Expert systems were created to substitute human-based pro- 
cesses by applying mechanical and automatic tools. When 


knowledge is well consolidated and stabilized, characterized 

by frequent (complex and recursive) calculations and associ- 
ated with well established decision rules, then expert systems 
are doing their best in exploring all possible solutions (may 

be millions) and in finding out the best one. Over time, their 
knowledge base has extended to also include ordinal and quali- 
tative information as well as combinations of statistical models, 
numerical methods, complex algorithms, and logic/hierarchi- 

cal patterns of many interconnected submodels. Nowadays, 
expert systems are more than just a way to solve problems or 

to model some real world phenomena; they are software that 
connects many subprocesses and procedures, each optimized 

in relation to its goals using different rules. Occasionally, expert 
systems are also used when there are completely new conditions 
unknown to the human experience (new products, new markets, 
new procedures, and so forth). In these cases, as there is no 
expertise, we need to explore what can be achieved by applying 
rules derived from other contexts and by following a heuristic 
approach. 


In the credit risk management field, an expert system based on 
fuzzy logic used by the German Bundesbank since 1999 (Bloch- 
witz and Eigermann, 2000) is worth noting. It was used in com- 
bination with discriminant analysis to investigate companies that 
were classified by the discriminant model in the so-called ‘gray 
area’ (uncertain attribution to defaulting/performing classes). 
The application of the expert system raised the accuracy from 
18.7% of misclassified cases by discriminant function to an error 
rate of only 16% for the overall model (Figure 4.8). 


In the early 1990s, SanPaololMI also built an expert system for 
credit valuation purposes, based on approximately 600 formal 
rules, 50 financial ratios, and three areas of analysis. According 
to a blind test, the system proved to be very efficient and guar- 
anteed homogeneity and a good quality of results. Students 
who were studying economics (skilled in credit and finance) and 
students studying engineering (completely unskilled in credit 
and finance) were asked to separately apply the expert system 
to about 100 credit dossiers without any interaction. The final 
result was remarkable. The accuracy in data loading and in 
output produced, the technical comments on borrowers’ condi- 
tions, and the time employed, were the same for both groups of 
skilled and unskilled people. In addition, the borrowers’ default- 
ing or performing classifications were identical because they 
were strictly depending on the model itself. These are, at the 
same time, very clearly, the limits and opportunities of expert 
systems. 


Decision Support Systems (DSSs) are a subset of expert systems. 
These are models applied to some phases of the human deci- 
sion process, which mostly require cumbersome and complex 


calculations. DSSs have had a certain success in the past, also 
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Additional qualitative data 
Accounting behavior 


Expert system in Bundesbank’s credit quality valuation model. 


Financial statement figures 


as stand-alone solutions, when computer power was quickly 
increasing. Today, many DSSs applications are part of complex 
procedures, supporting credit approval processes and commer- 
cial relationships. 


Neural Networks 


Artificial neural networks originate from biological studies and 
aim to simulate the behavior of the human brain, or at least a 


part of the biological nervous system (Arbib, 1995; Steeb, 2008). 


They comprise interconnecting artificial neurons, which are soft- 
ware programs intended to mimic the properties of biological 
neurons. 


Artificial neurons are hierarchical ‘nodes’ (or steps) connected in 
a network by mathematical models that are able to exploit con- 
nections by operating a mathematical transformation of infor- 
mation at each node, often adopting a fuzzy logic approach. 

In Figure 4.9, the network is reduced to its core, that is, three 
layers. The first is delegated to handle inputs, pre-filtering infor- 
mation, stimuli, and signals. The second (hidden) is devoted to 
computing relationships and aggregations; in more complex 
neural networks this component could have many layers. The 
third is designated to generate outputs and to manage the 


users’ interface, delivering results to 
the following processes (human or still 
automatic). 


Thanks to the (often complex) network of 
many nodes, the system is able to fit into 
many different cases and can also describe 
nonlinear relationships in a very flexible 
way. After the ‘initial training’, the system 
can also improve its adaptability, learning 
from its successes and failures over time. 


To better clarify these concepts, compare 
neural networks with traditional statistical 
analyses such as regression analysis. In a 
regression model, data are fitted through 
a specified relationship, usually linear. The 
model is made up by one or more equa- 
tions, in which each of the inputs x; is mul- 
tiplied by a weight w;. Consequently, the 
sum of all such products and of a constant 
a gives an estimate of the output. This for- 
mulation is stable over time and can only 
be changed by an external decision of the 
model builder. 


In neural networks, the input data x; is 
again multiplied by weights (also defined 
as the ‘intensity’ or ‘potential’ of the specific neuron), but the 
sum of all these products is influenced by: 


e the argument of a flexible mathematical function (e.g., hyper- 
bolic tangent or logistic function), 


e the specific calculation path that involves some nodes, while 
ignoring others. 


The network calculates the signals gathered and applies a 
defined weight to inputs at each node. If a specific threshold is 
overcome, the neuron is ‘active’ and generates an input to other 
nodes, otherwise it is ignored. Neurons can interact with strong 
or weak connections. These connections are based on weights 
and on paths that inputs have to go through before arriving to 
the specific neuron. Some paths are privileged; however neurons 
never sleep: inputs always go through the entire network. If new 
information arrives, the network can search for new solutions 
testing other paths, and thus activating certain neurons while 
switching off others. Some paths could automatically substitute 
others because of the change in input intensity or in inputs pro- 
file. Often, we are not able to perceive these new paths because 
the network is always ‘awake’, immediately catching news and 
continuously changing neural distribution of stimuli and reac- 
tions. Therefore, the output y is a nonlinear function of x;. So, the 
neural network method is able to capture nonlinear relationships. 
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Hidden 


External world: 
units’ profile 
decribed in n 
attributes 


GET E) Frame of a neural network. 


Neural networks could have thousands of nodes and, therefore, 
tens of thousands of potential connections. This gives great flex- 
ibility to the whole process to tackle very complex, interdepen- 
dent, no linear, and recursive problems. 


The most commonly used structure is the ‘hierarchically depen- 
dent neural network’. Each neuron is connected with previous 
nodes and delivers inputs to the following node, with no return 
and feedbacks, in a continuous and ordered flow. The final 
result is, therefore, the nonlinear weighted sum of inputs and 
defined as: 


F(x) = kEm) 


where k is a pre-defined function; for instance, the logistic one. 
The ith neuron gathers stimuli from j previous neurons. Based 
on weights, the ‘potential’, v; is calculated in a way depicted in 
Figure 4.10. 


The potential is not comparable among neurons. A conversion is 
needed in order to compare them; the logistic conversion indi- 
cated in Figure 4.10 sets the output value between 0 and 1. 


Neuronith 


ats Communications among artificial 


neurons. 


When there is only one hidden layer, the 
neural network behaves like a traditional 
statistical logistic function. Unless very 


External World: Complex problems are being dealt with, 


decisions. 
descriptions, 
classifications 


one or two layers are enough to solve most 
issues, as also proven by mathematical 
demonstrations. 


The final result of the neural network 
depends more on training than on the com- 
plexity of the structure. 


Now, let’s come to the most interesting 
feature of a neural network, the ability to continuously learn by 
experience (neural networks are part of ‘learning machines’). 
There are different learning methods and many algorithms for 
training neural networks. Most of them can be viewed as a 
straightforward application of the optimization theory and statis- 
tical estimation. 


In the field of credit risk, the most applied method is ‘super- 
vised learning’, in which the training set is given and the neural 
network learns how to reach a successful result by finding the 
nodes’ structure and the optimal path to reach the best final 
result. This also implies that a cost function is set in order to 
define the utility of each outcome. In the case of default risk 
model building, the training set is formed by borrowers’ charac- 
teristics and the cost function reflects misclassification costs. A 
back-propagation learning engine may be launched to train the 
neural network. After much iteration, a solution that minimizes 
the classification errors is reached by changing the weights and 
connections at different nodes. If the training process is success- 
ful, the neural network learns the connections among inputs and 
outputs, and can be used to make previsions for new borrow- 
ers that were not present in the training set. Accuracy tests are 
to be performed to gauge if the network is really able to solve 
problems in out-of-sample populations, with an adequate level 
of generality. 


The new generations of neural networks are more and more 
entwined with statistical models and numerical methods. Neural 
networks are (apparently) easy to use and generate a workable 
solution fairly quickly. This could set a mental trap: complex 
problems remain complex even if a machine generates ade- 
quate results; competences in statistics and a good control of 
the information set are unavoidable. 


The main limit of neural networks is that we have to accept 
results from a ‘black box’. We cannot examine step by step how 
results are obtained. Results have to be accepted as they are. In 
other words, we are not able to explain why we arrive at a given 
result. The only possibility is to prepare various sets of data, well 
characterized with some distinguishing profiles, then submit 
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them to the neural network to reach results. In this case, by hav- 
ing outputs corresponding to homogenous inputs and using the 
system theory, we can deduce which the crucial variables are 
and their relative weights. 


Much like any other model, neural networks are very sensi- 

tive to input quality. So, training datasets have to be carefully 
selected in order to avoid training the model to learn from 
outliers instead of normal cases. Another limit is related to the 
use of qualitative variables. Neural networks are more suited to 
work with continuous quantitative variables. If we use qualitative 
variables, it is advisable to avoid dichotomous categorical vari- 
ables, preferring multiple ranked modalities. 


There are no robust scientific ways to assess if a neural net- 
work is optimally estimated (after the training process). The 
judgment on the quality of the final neural network structure 
is mainly a matter of experience, largely depending on the 
choices of knowledge engineers made during model building 
stages. 


The major danger in estimating neural networks is the risk of 
‘over-fitting’. This is a sort of network over-specialization in 
interpreting the training sample; the network becomes com- 
pletely dependent on the specific training set. A network that 
over-fits a sample is incapable of producing satisfactory results 
when applied to other borrowers, sectors, geographical areas or 
economic cycle stages. Unfortunately, there are no tests or tech- 
niques to gauge if the solution is actually over-fitting or not. The 
only way out is to use practical solutions. On one hand, the neu- 
ral network has to be applied to out-of-sample, out-of-time and 
out-of-universe datasets to verify if there are significant falls in 
statistical performances. On the other hand, the neural network 
has to be continuously challenged, very often re-launching the 
training process, changing the training set, and avoiding special- 


ization in only one or few samples. 


In reality, neural networks are mainly used where decisions are 
taken in a fuzzy environment, when data are rough, sometimes 
partially missed, unreliable, or mistaken. Another elective realm 
of application lies where dominant approaches are not provided, 
because of the complexity, novelty or rapid changes in external 
conditions. Neural networks are, for instance, nowadays used 

in negotiation platforms. They react very quickly to changing 
market conditions. Their added value clearly stays in a prompt 
adaptation to structural changes. 


Comparison of Heuristic and Numerical 
Approaches 


Expert systems offer advantages when human experts’ 
experience is clear, known, and well dominated. This 


enables knowledge engineers to formalize rules and build 
effective systems. Expert systems are ideal for the following 
reasons: 


e to give order and structure to real life procedures, which 
allow decision making processes to be replicated with high 
frequency and robust quality; 


e to connect different steps of decision making processes to 
one another, linking statistical and inferential engines, pro- 
cedures, classifications, and human involvement together, 
sometimes reaching the extreme of producing outputs in 
natural language. 


From our perspective (rating assignment), expert systems 
have the distinct advantage of giving order, objectivity, and 
discipline to the rating process; they are desirable features in 
some circumstances but they are not decisive. In reality, rat- 
ing assessment depends more on models that are implanted 
inside the expert system, models that are very often derived 
from other methods (statistical, numerical), with their own 
strength and weaknesses. As a result, expert systems orga- 
nize knowledge and processes but they do not produce 
new knowledge because they are not models or inferential 
methods. 


Numerical algorithms such as neural networks have completely 
different profiles. Some applications perform quite satisfacto- 
rily and count many real life applications. Their limits are com- 
pletely different and are mainly attributable to the fact that they 
are not statistical models and do not produce a probability of 
default. The output is a classification, sometimes with a very low 
granularity (four classes, for instance, such as very good, pass, 
verify, reject). To extract a probability, we need to associate a 
measure of default frequency obtained from historical data to 
each class. Only in some advanced applications, does the use 
of models implanted in the inferential engine (i.e., a logistic 
function) generate a probability of default. This disadvantage, 
added to the ‘black box nature’ of the method, limits the diffu- 
sion of neural networks out of consumer credit or personal loan 


segments. 


However, it is important to mention their potential application 
in early warning activities and in credit quality monitoring. These 
activities are applied to data generated by very different files (in 
terms of structure, use, and scope) that need to be monitored 
frequently (i.e., daily or even intraday for internal behavioral 
data). Many databases often derived from production processes 
frequently change their structure. Neural networks are very 
suitable in going through a massive quantity of data, changing 
rapidly when important discontinuities occur, and quickly devel- 
oping new rules when a changing pattern of success/failure is 
detected. 
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ee) SIJ An Overview of Heuristic and Numerical Based Ratings 


Criteria 


Measurability and verifiability 


Objectivity and homogeneity 


Specificity 


Finally, it should be noted that some people classify neural 
networks among statistical methods and not among numerical 
methods, because some nodes can be based on statistical mod- 
els (for instance, ONB and FMA, 2004). 


Table 4.16 offers the usual final graphic summary: 


4.5 INVOLVING QUALITATIVE 
INFORMATION 


Statistical methods are well suited to manage quantitative data. 
However, useful information for assessing probability of default 
is not only quantitative. Other types of information are also 
highly relevant such as: sectors competitive forces characteris- 
tics, firms’ competitive strengths and weaknesses, management 
quality, cohesion and stability of entrepreneurs and owners, 
managerial reputation, succession plans in case of managerial/ 
entrepreneurial resignation or turnaround, strategic continuity, 
regulations on product quality, consumers’ protection rules and 
risks, industrial cost structures, unionization, non-quantitative 
financial risk profiles (existence of contingent plans on liquidity 
and debt repayment, dependency from the financial group's 
support, strategy on financing growth, restructuring and 
repositioning) and so forth; these usually have a large role in 
judgment-based approaches to credit approval and can be clas- 
sified in three large categories: 


1. efficiency and effectiveness of internal processes (pro- 
duction, administration, marketing, post-marketing, and 
control); 


2. investment, technology, and innovation; 


3. human resource management, talent valorization, key 


resources retention, and motivation. 


Numerical Approach 


Neural Networks 


In more depth: 


e domestic market, product/service range, firm's and entrepre- 


neurial history and perspectives; 


e main suppliers and customers, both in terms of quality and 


concentration; 


e commercial network, marketing organization, presence in 
regions and countries, potential diversification; 


e entrepreneurial and managerial quality, experience, 


competence; 


e group organization, like group structure, objectives and 
nature of different group's entities, main interests, diversifica- 


tion in non-core activities, if any; 


e investments in progress, their final foreseeable results in 
maintaining/re-launching competitive advantages, plans, and 


programs for future competitiveness; 


e internal organization and functions, resources allocation, man- 
agerial power, internal composition among different branches 


(administration, production, marketing, R&D and so forth); 


e past use of extraordinary measures, like government sup- 
port, public wage integration, foreclosures, payments delays, 
credit losses and so forth; 


e financial relationships (how many banks are involved, quality 
of relationships, transparency, fairness and correctness, and 
so On); 


e use of innovative technologies in payment systems, integra- 
tion with administration, accounting, and managerial informa- 


tion systems; 


e quality of financial reports, accounting systems, auditors, 
span of information and transparency, internal controls, man- 
agerial support, internal reporting and so on. 
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Presently, new items have become of particular importance: 
environmental compliance and conformity, social responsibility, 
corporate governance, internal checks and balances, minori- 
ties protection, hidden liabilities like pension funds integration, 
stock options and so on. 


A recent summing up of usual qualitative information 
conducted in the Sanpaolo Group in 2006 collected more than 


250 questions used for credit approval processes, extracted 
from the available documents and derived from industrial and 
financial economy, theories of industrial competition and credit 
analysis practices. A summary is given in Table 4.17. 


Qualitative variables are potentially numerous and, conse- 
quently, some ordering criterion is needed to avoid complex 
calculations and information overlapping. Moreover, forms to 


1E) Ie: MFA Example of Qualitative Items in Credit Analysis Questionnaires 


e Corporate structure 


—date of incorporation of the company (or of a significant merger and/or acquisition) 
—group members, intensity of relationship with the parent/subsidiary 


e Information on the company’s business 


—markets in which the company operates and their position in the ‘business life cycle’ (introduction, growth, consolidation, decline) 


—positions with competitors and competitive strength 


—nature of competitive advantage (cost, differentiation/distinctiveness of products, quality/innovation/technology, dominant/ 


defendable) 
—years the company operates in the actual core business 
—growth forecast 
—quality of the references in the marketplace 


e Strategy 
—strategic plans 
—business plan 


—in case a business plan has been developed, the stage of strategy implementation 
—proportion of assets/investments not strategically linked to the company’s business 
—extraordinary transactions (revaluations, mergers, divisions, transfers of business divisions, demerger of business) and their objective 


e Quality of management 


—degree of involvement in the ownership and management of the company 
—the overall assessment of management's knowledge, experience, qualifications and competence (in relation to competitors) 


—if the company’s future is tied to key figures 


—presence of a dominant entrepreneur/investor (or a coordinated and cohesive group of investors) that influence strategies 


and company’s critical choices 


e Other risks 
—risks related to commercial activity 


—geographical focus (the local/regional, domestic, within Europe, OECD and non-OECD/emerging markets) 
—level of business diversification (a single product/service, more products, services, markets) 


—liquidity of inventories 
—quality of client base 


—share of total revenues generated by the first three/five customers of the company 


—exclusivity or prevalence with some company’s suppliers 
—legal and/or environmental risks 


—reserves against professional risks, board members responsibilities, auditors (or equivalent insurance) 


e Sustainability of financial position 


—reimbursements within the next 12 months, 18 months, 3 years, and concentration of any significant debt maturities 
—off-balance-sheet positions and motivations (coverage, management, speculation, other) 

—sustainability of critical deadlines with internal/external sources and contingency plans 

—liquidity risk, potential loss in receivables of one or more major customers (potential need to accelerate the payment of the 


most important suppliers) 


e Quality of information provided by the company to the bank, timing in the documentation released and general quality of relationships 


—availability of plausible financial projections 


—information submitted on company’s results and projections 


—considerations released by auditors on the quality of budgetary information 
—relationship vintage, past litigation, type of relation (privileged/strategic or tactical/opportunistic) 


—managerial attention 
—negative signals in the relationship history 
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be filled in soon become very complex and difficult to be under- 
stood by analysts. A first recommendation is to only gather qual- 
itative information that is not collectable in quantitative terms. 
For instance, growth and financial structure information can be 
extracted from balance sheets. 


A second recommendation regards how to manage qualitative 
information in quantitative models. A preliminary distinction is 
needed between different categorical types of information: 


e nominal information, such as regions of incorporation; 


e binary information (yes/no, presence/absence of an 
attribute); 


e ordinal classification, with some graduation (linear or nonlin- 
ear) in the levels (for instance, very low/low/medium/high/ 
very high). 


Binary indicators can be transformed in 0/1 ‘dummy variables’. 
Also, ordinal indicators can be transformed into numbers and 

weights can be assigned to different modalities (the choice of 
weights is, however, debatable). 


When collecting data, it is preferable to structure the informa- 
tion in closed form if we want to use it in quantitative models. 
This means forcing loan officers to select some pre-defined 


answers. 


Binary variables are difficult to manage in statistical models 

because of their non-normal distribution. Where possible, a 

multistage answer is preferable, instead of yes/no. Weights 

can be set using optimization techniques, like ‘bootstrap’ or 
a preliminary test on different solutions to select the most 


suited one. 


Nowadays, however, the major problem in using qualitative 
information lies in the lack of historical datasets. The credit 
dossier is often based on literary presentations without a 
structured compulsory basic scheme. Launching an extraordinary 


survey in order to collect missing information has generally 
proven to be: 


e A very expensive solution. There are thousands of dossiers 
and it takes a long time for analysts to go through them. Final 
results may be inaccurate because they are generated under 


pressure. 


e A questionable approach for non-performing dossiers. Loan 
and credit officers that are asked to give judgments on the 
situation as it was before the default are tempted to skip on 
weaknesses and to hide true motivations of their (ex post 


proved wrong) judgments. 


There is no easy way to overcome these problems. A possible 
way is to prepare a two-stage process: 


e The first stage is devoted to building a quantitative model 
accompanied by the launch of a systematic qualitative data 
collection on new dossiers. This qualitative information can 
immediately be used in overriding quantitative model results 
through a formal or informal procedure. 


e The second stage is to build a new model including the new 
qualitative information gathered once the first stage has pro- 
duced enough information (presumably after at least three 
years), trying to find the most meaningful data and possibly 
re-engineering the data collection form if needed. 


Note that qualitative information change weight and meaning- 
fulness over time. At the end of the 1980s, for instance, one 

of the most discriminant variables was to operate or not on 
international markets. After the globalization, this feature is less 
important; instead, technology, marketing skills, brands, quality, 
and management competences have become crucial. Therefore, 
today, a well structured and reliable qualitative dataset is an 
important competitive hedge for banks, an important compo- 
nent to build powerful credit models, and a driver of banks’ long 
term value creation. 
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Credit Risks and 
Credit Derivatives 


E Learning Objectives 


After completing this reading you should be able to: 


S Using the Merton model, calculate the value of a firm's © Compare and contrast different approaches to credit risk 
debt and equity and the volatility of firm value. modeling such as those related to the Merton model, 


CreditRisk+, CreditMetrics, and the KMV model. 
® Explain the relationship between credit spreads, time 


to maturity, and interest rates and calculate credit spread. © Assess the credit risks of derivatives. 

© Explain the differences between valuing senior and © Describe a credit derivative, credit default swap, and total 
subordinated debt using a contingent claim approach. return swap. 

© Explain, from a contingent claim perspective, the impact ® Explain how to account for credit risk exposure in valuing 
of stochastic interest rates on the valuation of risky bonds, a swap. 


equity, and the risk of default. 


Excerpt is Chapter 18 of Risk Management and Derivatives, by Rene Stulz. 
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Consider Credit Bank Corp. It makes loans to corporations. For 
each loan, there is some risk that the borrower will default, in 
which case Credit will not receive all the payments the borrower 
promised to make. Credit has to understand the risk of the indi- 
vidual loans it makes, but it must also be able to quantify the 
overall risk of its loan portfolio. Credit has a high franchise value 
and wants to protect that franchise value by making sure that the 
risk of default on its loans does not make its probability of finan- 
cial distress too high. Though Credit knows how to compute VaR 
for its trading portfolio, it cannot use these techniques directly 
to compute the risk of its loan portfolio. Loans are like bonds— 
Credit never receives more from a borrower than the amounts 
the borrower promised to pay. Consequently, the distribution of 
the payments received by borrowers cannot be lognormal. 


To manage the risk of its loans, Credit must know how to quan- 
tify the risk of default and of the losses it makes in the event of 
default both for individual loans and for its portfolio of loans. 

At the end of this chapter, you will know the techniques that 
Credit can use for this task. We will see that the Black-Scholes 
formula is useful to understand the risks of individual loans. 
Recently, a number of firms have developed models to analyze 
the risks of portfolios of loans and bonds. For example, 

J.P. Morgan has developed CreditMetrics™ along the lines of its 
product RiskMetrics™. We discuss this model in some detail. 


A credit risk is the risk that someone who owes money might 
fail to make promised payments. Credit risks play two important 
roles in risk management. First, credit risks represent part of 
the risks a firm tries to manage in a risk management program. 
If a firm wants to avoid lower tail outcomes in its income, it 
must carefully evaluate the riskiness of the debt claims it holds 
against third parties and determine whether it can hedge these 
claims and how. Second, the firm holds positions in derivatives 
for the express purpose of risk management. The counterpar- 
ties on these derivatives can default, in which case the firm does 
not get the payoffs it expects on its derivatives. A firm taking a 
position in a derivative must therefore evaluate the riskiness of 
the counterparty in the position and be able to assess how the 
riskiness of the counterparty affects the value of its derivatives 
positions. 


Credit derivatives are one of the newest and most dynamic 
growth areas in the derivatives industry. At the end of 2000, 
the total notional amount of credit derivatives was estimated 

to be $810 billion; it was only $180 billion two years before. 
Credit derivatives have payoffs that depend on the realization 
of credit risks. For example, a credit derivative could promise 
to pay some amount if Citibank defaults and nothing otherwise; 
or a credit derivative could pay the holder of Citibank debt the 
shortfall that occurs if Citibank defaults on its debt. Thus firms 
can use credit derivatives to hedge credit risks. 


5.1 CREDIT RISKS AS OPTIONS 


Following Black and Scholes (1973), option pricing theory has 
been used to evaluate default risky debt in many different situ- 
ations. The basic model to value risky debt using option pricing 
theory is the Merton (1974) model. To understand this approach, 
consider a levered firm that has only one debt issue and pays no 
dividends. Financial markets are assumed to be perfect. There 
are no taxes and no bankruptcy costs, and contracts can be 
enforced costlessly. Only debt holders and equity holders have 
claims against the firm and the value of the firm is equal to the 
sum of the value of debt and the value of equity. The debt has 
no coupons and matures at T. 


At date T, the firm has to pay the principal amount of the debt, 
F. If the firm cannot pay the principal amount at T, it is bankrupt, 
equity has no value, and the firm belongs to the debt holders. 

If the firm can pay the principal at T, any dollar of firm value in 
excess of the principal belongs to the equity holders. 


Suppose the firm has issued debt that requires it to make a 
payment of $100 million to debt holders at maturity and that 
the firm has no other creditors. If the total value of the firm at 
maturity is $120 million, the debt holders receive their promised 
payment, and the equity holders have $20 million. If the total 
value of the firm at maturity is $80 million, the equity holders 
receive nothing and the debt holders receive $80 million. 


Since the equity holders receive something only if firm value 
exceeds the face value of the debt, they receive Vy — F if that 
amount is positive and zero otherwise. This is equivalent to the 
payoff of a call option on the value of the firm. Let Vz be the 
value of the firm and S+ be the value of equity at date T. We 
have at date T: 


S. = Max(V, — F, 0) (5.1) 


To see that this works for our example, note that when firm value 
is $120 million, we have Sy equal to Max($120M — $100M, 0), or 
$20 million, and when firm value is $80 million, we have S+ equal 
to Max($80M — $100M, 0), or $0. 


Figure 5.1 graphs the payoff of the debt and of the equity as 

a function of the value of the firm. If the debt were riskless, its 
payoff would be the same for any value of the firm and would 
be equal to F. Since the debt is risky, when the value of the firm 
falls below F, the debt holders receive less than F by an amount 
equal to F — Vy. The amount F — Vy paid if Vz is smaller than F, 
Max(F — Vz, 0), corresponds to the payoff of a put option on V1 
with exercise price F. We can therefore think of the debt as pay- 
ing F for sure minus the payoff of a put option on the firm with 


exercise price F: 


D, =F — Max (F = Vi O) (5.2) 
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Payoff to claimholders 


Vv (T) 


F is the debt principal amount and V(T) is the value of the firm at date T. 


| Figure 5.1| Debt and equity payoffs when debt is risky. 


where D+ is the value of the debt at date T. Equation (5.2) there- 
fore tells us that the payoff of risky debt is equal to the payoff of 
a long position in a risk-free zero-coupon bond with face value F 
and a short position on a put option on firm value with exercise 
price F. This means that holders of risky debt effectively buy risk- 
free debt but write a put option on the value of the firm with 
exercise price equal to the face value of the debt. Alternatively, 
we can say that debt holders receive the value of the firm, Vr, 
minus the value of equity, Sy. Since the payoff of equity is the 
payoff of a call option, the payoff of debt is the value of the firm 
minus the payoff of a call option with exercise price equal to the 
principal amount of the debt. 


To price the equity and the debt using the Black-Scholes for- 
mula for the pricing of a European call option, we require that 
the value of the firm follow a log-normal distribution with a 
constant volatility s, the interest rate r be constant, trading 
take place continuously, and financial markets be perfect. 

We do not require that there is a security that trades continu- 
ously with value V. All we need is a portfolio strategy such that 
the portfolio has the same value as the firm at any particular 
time. We use this portfolio to hedge options on firm value, so 
that we can price such options by arbitrage. We can write the 
value of equity as S(V, F, T, t) and use the formula to price a call 
option to obtain: 


Merton's Formula for the Value of Equity 


Let S(V, F, T, t) be the value of equity at date t, V the value of 
the firm, F the face value of the firm's only zero-coupon debt 
maturing at T, ø the volatility of the value of the firm, P(T) the 
price at t of a zero-coupon bond that pays $1 at T, and N(qd) the 


cumulative distribution function evaluated at d. With this nota- 
tion, the value of equity is: 


S(V, F, T, © = VN(@) — P,CT)FNCd - oVT -t) 
ja VED 1 


ovyT -t 


When V is $120 million, F is $100 million, T is equal to 
t + 5, P,{T) is $0.6065, and ø is 20 percent, the value of equity 
is $60.385 million. From our understanding of the deter- 


off=t 5.3) 


minants of the value of a call option, we know that equity 
increases in value when the value of the firm increases, when 
firm volatility increases, when time to maturity increases, when 
the interest rate increases, and when the face value amount of 


the debt falls. 


Debt can be priced in two different ways. First, we can use 

the fact that the payoff of risky debt is equal to the payoff of 
risk-free debt minus the payoff of a put option on the firm with 
exercise price equal to the face value of the debt: 


DO FO Per =p Fe (5.4) 


where p(V, F, T, t) is the price of a put with exercise price F on 
firm value V. F is $100 million and P(T) is $0.6065, so P,(T)F is 
$60.65 million. A put on the value of the firm with exercise price 
of $100 million is worth $1.035 million. The value of the debt is 
therefore $60.65M — $1.035M, or $59.615 million. 


The second approach to value the debt involves subtracting the 
value of equity from the value of the firm: 


DY, Eb.) = ¥ — 30 F, LO (5.5) 


We subtract $60.385 million from $120 million, which gives us 
$59.615 million. 


The value of the debt is, for a given value of the firm, a decreas- 
ing function of the value of equity, which is the value of a call 
option on the value of the firm. Everything else equal, therefore, 
the value of the debt falls if the volatility of the firm increases, if 
the interest rate rises, if the principal amount of the debt falls, 
and if the debt's time to maturity lengthens. 


To understand the effect of the value of the firm on the value of 
the debt, note that a $1 increase in the value of the firm affects 
the right-hand side of Equation (5.5) as follows: It increases V 
by $1 and the call option by $6, where 6 is the call option delta. 
1 — 6 is positive, so that the impact of a $1 increase in the value 
of the firm on the value of the debt is positive and equal to 

$1 — $6. 6 increases as the call option gets more in the money. 
Here, the call option corresponding to equity is more in the 
money as the value of the firm increases, so that the impact of 
an increase in firm value on debt value falls as the value of the 


firm increases. 
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Investors pay a lot of attention to credit spreads. The Panel A 
credit spread is the difference between the yield on 
the risky debt and the yield on risk-free debt of same 
maturity. If corporate bonds with an A rating have a 
yield of 8 percent while T-bonds of the same maturity 
have a yield of 7 percent, the credit spread for A-rated 
debt is 1 percentage point. An investor can look at 
credit spreads for different ratings to see how the 
yields differ across ratings classes. An explicit formula 
for the credit spread is: 

l f 1} {Dd} 

Credit spread = si Ti pn F] -f (5.6) 
where r is the risk-free rate. For our example, the risk- 
free rate (implied by the zero-coupon bond price we use) 
is 10 percent. The yield on the debt is 10.35 percent, Panel B 
so the credit spread is 35 basis points. Not surprisingly, 
the credit spread falls as the value of the debt rises. 

The logarithm of D/F in Equation (5.6) is multiplied by 
—[1/(T — t]. An increase in the value of debt increases 
D/F, but since the logarithm of D/F is multiplied by a 
negative number, the credit spread falls. 


With debt, the most we can receive at maturity is par. 
As time to maturity lengthens, it becomes more likely 
that we will receive less than par. However, if the value 
of the debt is low enough to start with, there is more 
of a chance that the value of the debt will be higher as 
the debt reaches maturity if time to maturity is longer. 
Consequently, if the debt is highly rated, the spread 
widens as time to maturity gets longer. For sufficiently 
risky debt, the spread can narrow as time to maturity 
gets longer. This is shown in Figure 5.2. 


Helwege and Turner (1999) show that credit spreads 

widen with time to maturity for low-rated public debt, so 

that even low-rated debt is not risky enough to lead to credit 
spreads that narrow with time to maturity. It is important to 
note that credit spreads depend on interest rates. The expected 
value of the firm at maturity increases with the risk-free rate, 

so there is less risk that the firm will default. As a result, credit 
spreads narrow as interest rates increase. 


Finding Firm Value and Firm 
Value Volatility 


Suppose a firm, Supplier Inc., has one large debt claim. The 
firm sells a plant to a very risky third party, In-The-Mail Inc., and 
instead of receiving cash it receives a promise from In-The-Mail 
Inc. that it will pay $100 million in five years. We want to value 
this debt claim. If Vs is the value of In-The-Mail Inc. at maturity 
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Panel A has firm value of $50 million, volatility of 20 percent, and debt with face 
value of $150 million. Panel B differs only in that firm value is $200 million. 


of the debt, we know that the debt pays F — Max(F — Vus, 0) 
or Vas — Max(Vii5 — F, 0). If it were possible to trade claims 
on the value of In-The-Mail Inc., pricing the debt would be 
straightforward. We could simply compute the value of a put on 
In-The-Mail Inc. with the appropriate exercise price. In general, 
we cannot directly trade a portfolio of securities that repre- 
sents a claim to the whole firm; In-The-Mail Inc.’s debt is not a 
traded security. 


The fact that a firm has some nontraded securities creates two 
problems. First, we cannot observe firm value directly and, sec- 
ond, we cannot trade the firm to hedge a claim whose value 
depends on the value of the firm. We can solve both problems. 
Remember that with Merton's model the only random variable 
that affects the value of claims on the firm is the total value of 
the firm. Since equity is a call option on firm value, it is a portfo- 
lio consisting of 6 units of firm value plus a short position in the 
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risk-free asset. The return on equity is perfectly correlated with 
the return on the value of the firm for small changes in the value 
of the firm because a small change in firm value of AV changes 
equity by SAV. We can therefore use equity and the risk-free 
asset to construct a portfolio that replicates the firm as a whole, 
and we can deduce firm value from the value of traded claims 
on the value of the firm. To do that, however, we need to esti- 
mate the 6 of equity. 


To compute the 6 of equity from Merton's formula, we need 

to know firm value V, the volatility of firm value, the promised 
debt payment, the risk-free interest rate, and the maturity of the 
debt. If we have this information, computing delta is straightfor- 
ward. Otherwise, we can estimate these variables using infor- 
mation we have. If we have an estimate of 6 and we know the 
value of the firm's equity, then we can solve for firm value and 
the volatility of firm value as long as we know the promised debt 
payment and the maturity of the debt. This is because, in this 
case, we have two unknowns, firm volatility and firm value, and 
two equations, the Merton equation for the value of equity and 
the Merton equation for the equity’s delta. We can solve these 
equations to find firm volatility and the value of the firm. Hav- 
ing these values, we can then solve for the value of the debt. (In 
practical applications, the Merton model is often used for more 
complicated capital structures. In this case, the promised debt 
payment is an estimate of the amount of firm value over some 
period of time such that if firm value falls below that amount, 
the firm will be in default and have to file for bankruptcy.) 


Suppose we do not know 6. One way to find 6 is as follows. We 
assume In-The-Mail Inc. has traded equity and that its only debt 
is the debt it owes to Supplier Inc. The value of the debt claim 
in million dollars is D(V, 100, t + 5, t). The value of a share is 
$14.10 and there are 5 million shares. The value of the firm's 
equity is therefore $70.5 million. The interest rate is 10 percent 
per year. Consequently, in million dollars, we have: 


SCY, 100, t + 5, t) = 70.5 (5.7) 


We know that equity is a call option on the value of the firm, so 
that S(V, 100, t + 5, t) = c(V, 100, t + 5, t). We cannot trade 

V because it is the sum of the debt we own and the value of 
equity. Since the return to V is perfectly correlated with the 
return on equity, we can form a dynamic portfolio strategy that 
pays V5 at t + 5. We will see the details of the strategy later, 
but for now we assume it can be done. 


If we know V, we can use Equation (5.7) to obtain the firm's 
implied volatility, but the equation has two unknowns: V and 
the volatility of the value of the firm, a. To solve for the two 
unknowns, we have to find an additional equation so that we 
have two equations and two unknowns. Suppose that there are 


options traded on the firm’s equity. Suppose further that a call 


option on one share with exercise price of $10 and maturity of 
one year is worth $6.72. We could use the option pricing formula 
to get the volatility of equity and deduce the volatility of the firm 
from the volatility of equity. After all, the option and the equity 
both depend on the same random variable, the value of the firm. 


The difficulty with this is that the Black-Scholes formula does not 
apply to the call option in our example because it is a call option 
on equity, which itself is an option when the firm is levered. We 
therefore have an option on an option, or what is called a com- 
pound option. The Black-Scholes formula applies when equity 
has constant volatility, but the equity in our example cannot 
have constant volatility if firm value has constant volatility. For 

a levered firm where firm value has constant volatility, equity is 
more volatile when firm value is low than when it is high, so that 
volatility falls as firm value increases. This is because, in percent- 
age terms, an increase in firm value has more of an impact on 
equity when the value of equity is extremely low than when it 

is extremely high—even though the equity's 6 increases as firm 
value increases. 


A compound call option gives its holder the right to buy an 
option for a given exercise price. Geske (1979) derives a pric- 
ing formula for a compound option that we can use. Geske’s 
formula assumes that firm value follows a lognormal distribu- 
tion with constant volatility. Therefore, if we know the value of 
equity, we can use Geske’s formula to obtain the value of firm 
volatility. This formula is presented in Technical Box 5.1, Com- 
pound Option Formula. 


Pricing the Debt of In-The-Mail Inc. 


We now have two equations that we can use to solve for V 

and a: the equation for the value of equity (the Black-Scholes 
formula), and the equation for the value of an option on equity 
(the compound option formula of Technical Box 5.1). These two 
equations have only two unknowns. We proceed by iteration. 


Suppose we pick a firm value per share of $25 and a volatility 
of 50 percent. With this, we find that equity should be worth 
$15.50 and that the call price should be $6.0349. Consequently, 
the value of equity is too high and the value of the call is too 
low. Reducing the assumed firm value reduces both the value 
of equity and the value of the call, so that it brings us closer to 
the value of equity we want but farther from the value of the 
call we want. We therefore need to change both firm value and 
some other variable, taking advantage of the fact that equity 
and a call option on equity have different greeks. Reducing our 
assumed firm value reduces the value of equity as well as the 
value of the call, and increases volatility, which increases the 
value of equity and the value of the call. In this case, we find an 
option value of $7.03 and a value of equity of $13.30. Now, the 
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BOX 5.1 COMPOUND OPTION FORMULA 


A compound call option gives its holder the right to buy an 
option on an option for a given exercise price. Since equity is 
an option on firm value, an option on the stock of a levered 
firm is a compound option. Geske (1979) provides a formula 
for a compound option to value a call on the equity of a 
levered firm. Geske assumes that firm value follows the same 
distribution as the stock price in the Black-Scholes formula: 
firm value has constant volatility and the logarithm of firm 
value is normally distributed. 


Let V be the value of the firm and F be the face value of 

the debt per share. We define T’ as the maturity date of 

the option on equity and T the maturity of the debt, where 
T’ < T. With this, the option holder receives equity at T’ 

if the option is in the money. Let K be the option exercise 
price. In exchange for paying K at date T’, the option holder 
receives equity which is a call on firm value. Using our nota- 
tion for equity, the value of this call at T’ is S(V, F, T, T’). 

If S(V, F, T, T’) exceeds K, the option is exercised. 


With this notation, the value of the compound option is: 


Ve TON (a, BiT -OIT - O°) 
= Fon NG. O _ ONE z O) = ea" KN) 


Gee Bae 


value of equity is too low and the value of the option is too high. 
This suggests that we have gone too far with our reduction in 
firm value and increase in volatility. A value of the firm of $21 
per share and a volatility of 68.36 percent yield the right values 
for equity and for the option on equity. Consequently, the value 
of the debt per share is $6.90. The value of the firm is therefore 
$105 million. It is divided between debt of $34.5 million and 
equity of $70.5 million. 


Once we have the value of the firm and its volatility, we can use 
the formula for the value of equity to create a portfolio whose 
value is equal to the value of the firm and thus can replicate 
dynamically the value of the firm just using the risk-free asset 
and equity. Remember that the value of the firm’s equity is 
given by a call option on the value of the firm. Using the Black- 


Scholes formula, we have: 


S(V, F, T, 2) = VN(a@) — PT)FN(d - o VT -t) 
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Inverting this formula, the value of the firm is equal to: 
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where No>(a, B, p) denotes the cumulative bivariate normal 
distribution evaluated at a and B for two random variables, 
each with zero mean and unit standard deviation, that 
have a correlation coefficient of p. The bivariate normal 
distribution is the distribution followed by two random 
variables that are jointly normally distributed. The dividend 
rate is d; it is assumed that dividends are a constant frac- 
tion of firm value. 


The intuition that we acquired about the determinants 

of the value of a call option works for compound call 
options. The value of the compound call option increases 
when the value of the firm increases, falls when the face 
value of the debt rises, increases when the time to maturity 
of the debt rises, increases when the risk-free interest rate 
rises, increases when the variance of the firm rises, falls as 
the exercise price rises, and increases as the time to expira- 
tion of the call rises. 


Note that we know all the terms on the right-hand side of this 
equation. Hence, an investment of 1/N(d) of the firm's equity 
and of N(d — a VT — ?t)F/N(d) units of the zero-coupon bond is 
equal to the value of the firm per share. Adjusting this portfolio 


dynamically over time insures that we have V(T) at maturity of 
the debt. We can scale this portfolio so that it pays off the value 
of the firm per share. With our example, the portfolio that pays 
off the value of the firm per share has an investment of 1.15 


shares, and an investment in zero-coupon bonds worth $7.91. 


Subordinated Debt 


In principle, subordinated debt receives a payment in the event 
of bankruptcy only after senior debt has been paid in full. Con- 
sequently, when a firm is in poor financial condition, subordi- 
nated debt is unlikely to be paid in full and is more like an equity 
claim than a debt claim. In this case, an increase in firm volatility 
makes it more likely that subordinated debt will be paid off and 
hence increases the value of subordinated debt. Senior debt 
always falls in value when firm volatility increases. 


To understand the determinants of the value of the subordi- 
nated debt, consider then the case where the senior debt and 
the subordinated debt mature at the same date. F is the face 
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Payoff to claimholders 


Vv (T) 
GIJ Subordinated debt payoffs. 


Both debt claims are zero-coupon bonds. They mature at the same time. 
The subordinated debt has face value U and the senior debt has face 
value F. Firm value is V(T). 


value of the senior debt and U is the face value of the subor- 
dinated debt. Equity is an option on the value of the firm with 
exercise price U + F since the shareholders receive nothing 
unless the value of the firm exceeds U + F. Figure 5.3 shows 
the payoff of subordinated debt as a function of the value of the 
firm. In this case, the value of the firm is: 


V = D(V, F, Gf) + SDCV, U, T, + SC(V,U +F, eb) (5.10) 


D denotes senior debt, SD subordinated debt, and S equity. The 
value of equity is given by the call option pricing formula: 


SV. UTE 1.0) =UV UTR TE (5.11) 


By definition, shareholders and subordinated debt holders 
receive collectively the excess of firm value over the face value 
of the senior debt, F, if that excess is positive. Consequently, 
they have a call option on V with exercise price equal to F. This 
implies that the value of the senior debt is the value of the firm 
V minus the value of the option held by equity and subordinated 
debt holders: 


DAVE, 1,0) =V- celV,F,T,¢) (5.12) 


Having priced the equity and the senior debt, we can then 
obtain the subordinated debt by subtracting the value of the 
equity and of the senior debt from the value of the firm: 


SD(V,U, TT, Ð =V-ceV,F+U,T,») 
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With this formula, the value of subordinated debt is the dif- 
ference between the value of an option on the value of the 
firm with exercise price F + U and an option on the value 


of the firm with exercise price F. Consider a firm with value 

of $120 million. It has junior debt maturing in five years with 
face value of $50 million and senior debt maturing in five 

years with face value of $100 million. The interest rate is 

10 percent and the volatility is 20 percent. In this case, we have 
F = $100 million and U = $50 million. The first call option is 
worth $60.385 million. It is simply the equity in the absence of 
subordinated debt, which we computed before. The second call 
option is worth $36.56 million. The value of the subordinated 
debt is therefore $60.385M — $36.56M = $23.825 million. 
Using our formula for the credit spread, we find that the spread 
on subordinated debt is 4.83 percent, which is more than 10 
times the spread on senior debt of 35 basis points. 


The fact that the value of subordinated debt corresponds to 

the difference between the value of two options means that 

an increase in firm volatility has an ambiguous effect on subor- 
dinated debt value. As shown in Figure 5.4, an increase in firm 
volatility can increase the value of subordinated debt. Subordi- 
nated debt is a portfolio that has a long position in a call option 
that increases in value with volatility and a short position in a call 
option that becomes more costly as volatility increases. If the 
subordinated debt is unlikely to pay off, the short position in the 
call is economically unimportant. Consequently, subordinated 
debt is almost similar to equity and its value is an increasing func- 
tion of the volatility of the firm. Alternatively, if the firm is unlikely 
to ever be in default, then the subordinated debt is effectively 
like senior debt and inherits the characteristics of senior debt. 


The value of subordinated debt can fall as time to maturity 
decreases. If firm value is low, the value of the debt increases as 
time to maturity increases because there is a better chance that 
it will pay something at maturity. If firm value is high and debt 
has low risk, it behaves more like senior debt. 


Similarly, a rise in interest rates can increase the value of subor- 
dinated debt. As the interest rate rises, the value of senior debt 
falls so that what is left for the subordinated debt holders and 
equity increases. For low firm values, equity gets little out of the 
interest rate increase because equity is unlikely to receive any- 
thing at maturity, so the value of subordinated debt increases. 
For high firm values, the probability that the principal will be 
paid is high, so the subordinated debt is almost risk-free, and its 
value necessarily falls as the interest rate increases. 


The Pricing of Debt When Interest 
Rates Change Randomly 


Unanticipated changes in interest rates can affect debt value 
through two channels. First, an increase in interest rates reduces 
the present value of promised coupon payments absent credit 
risk, and hence reduces the value of the debt. Second, an 
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Panel B. Firm value is $200 million. 
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| Figure 5.4 Subordinated debt, firm value, and volatility. 


We consider subordinated debt with face value of $50 million and senior debt with 
face value of $100 million. The two debt issues mature in five years. The risk-free 


rate is 10 percent. 


increase in interest rates can affect firm value. Empirical evi- 
dence suggests that stock prices are negatively correlated with 
interest rates. Hence, an increase in interest rates generally 
reduces the value of debt both because of the sensitivity of debt 
to interest rates and because on average it is associated with an 
adverse shock to firm values. When we want to hedge a debt 
position, we therefore have to take into account the interaction 
between interest rate changes and firm value changes. 


We consider the pricing of risky debt when the spot interest rate 
follows the Vasicek model. The change in the spot interest rate 
over a period of length At is: 


AC = ACK - (abt Ge, (5.14) 


where r; is the current spot interest rate and e, is a random 
shock. When A is positive, the interest rate reverts to a long-run 
mean of k. With Equation (5.14) describing how the interest rate 
evolves, the price of a zero-coupon bond at t that pays $1 at T, 
P,(T), is given by the Vasicek model. 


Suppose value and interest rate changes are correlated. 
Shimko, Tejima, and van Deventer (1993) show that with 
these interest rate dynamics the value of risky debt is: 
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To see how interest rate changes affect the price of debt, 
we price debt of face value of $100 million maturing in 

5 years on a firm worth $120 million as we did before. 
When we assumed a fixed interest rate of 10 percent and 
a firm volatility of 20 percent, we found that the value 

of the debt was $59.615 million at the beginning of the 
chapter. We choose the parameters of the Vasicek model 
to be such that, with a spot interest rate of 10 percent, 
the price of a zero-coupon bond that pays $1 in 5 years is 
the same as with a fixed interest rate of 10 percent. This 
requires us to assume k to be 14.21 percent, the interest 
rate volatility 10 percent, and the mean reversion param- 
eter 0.25. The volatility of firm value is 20 percent as 
before, and the correlation between firm value changes 
and interest rate changes is —0.2. With these assump- 
tions, the debt is then $57.3011 million. 


Figure 5.5 shows how the various parameters of interest rate 
dynamics affect the price of the debt. We choose a firm value 
of $50 million, so that the firm could not repay the debt if it 
matured immediately. In Panel A, the value of the debt falls 
as the correlation between firm value and interest rate shocks 
increases. In this case, firm value is higher when the interest rate 
is high, so that the impact of an increase in firm value on the 
value of the debt is more likely to be dampened by a simulta- 
neous interest rate increase. In Panel B, an increase in interest 
rate volatility and an increase in the speed of mean reversion 
reduce debt value. With high mean reversion, the interest rate 
does not diverge for very long from its long-run mean, so that 
we are closer to the case of fixed interest rates. However, with 
our assumptions, the long-run mean is higher than the current 
interest rate. 


Figure 5.6 shows that the debt's interest rate sensitivity depends 
on the volatility of interest rates. At highly volatile interest 
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In the base case, firm value of $50 million, the promised debt payment is $100 million, 
the maturity of the debt is 5 years, the interest rate is set at 10 percent, the spread of 
mean reversion parameter is 0.25, the volatility of the interest rate is 10 percent, the 
correlation between firm value and the interest rate is —0.2. 
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rates, the value of the debt is less sensitive to changes 
in interest rate. Consequently, if we were to hedge 
debt against changes in interest rates, the hedge ratio 
would depend on the parameters of the dynamics of 


interest rates. 


VaR and Credit Risks 


Once we have a pricing model for the valuation of 
default-risky debt held by the firm, we can incorporate 
credit risk into the computation of firm-wide risk. Sup- 
pose we use the Merton model. Default-risky debt 
depends on firm value, which itself is perfectly cor- 
related with the debtor's stock price. This makes the 
debtor's equity one additional risk factor. Suppose we 
want to compute a VaR measure for the firm, and the 
firm has just one risky asset: its risky debt. One way 

is to compute the delta-VaR by transforming the risky 
debt into a portfolio of the risk-free bond and of the 
debtor's equity if we are computing a VaR for a short 
period of time. A second way is to compute the Monte 
Carlo VaR by simulating equity returns and valuing 

the debt for these equity returns. If the firm has other 
assets, we must consider the correlations among the 
asset returns. 


Conceptually, the inclusion of credit risks in computa- 
tions of VaR does not present serious difficulties. All 
the difficulties are in the implementation—but they 

are serious. The complexities of firm capital structures 
create important obstacles to valuing debt, and often 
debt is issued by firms with no traded equity. There are 
thus alternative approaches to debt pricing. 


5.2 BEYOND THE MERTON MODEL 


Corporations generally have many different types of debt with 
different maturities, and most debt makes coupon payments 

when not in default. The Merton model approach can be used 
to price any type of debt. Jones, Mason, and Rosenfeld (1984) 
7 0.15 test this approach for a panel of firms that include investment- 
grade firms as well as firms below investment grade. They find 
that a naive model predicting that debt is riskless works better 
for investment-grade debt than the Merton model. In contrast, 
the Merton model works better than the naive model for debt 
below investment grade. As pointed out by Kim, Ramaswamy, 


GETS Interest rate sensitivity of debt. 


Firm value is $50 million, the promised debt payment is $100 million, the 
maturity of the debt is 5 years, the speed of mean reversion parameter 
is 0.25, the correlation between firm value and the interest rate is —0.2. 


and Sundaresan (1993), however, Merton's model fails to predict 
credit spreads large enough to match empirical data. They point 
out that from 1926 to 1986, AAA spreads ranged from 15 to 215 


basis points, with an average of 77, while BAA spreads ranged 
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from 51 to 787 basis points, with an average of 198. Yet they 
show that Merton’s model cannot generate spreads in excess of 
120 basis points. 


There are important difficulties in implementing the Merton 
model when debt makes coupon payments or a firm has mul- 
tiple debt issues that mature at different dates. Consider the 
simple case where debt makes one coupon payment u at t’ and 
pays F + uat T. We know how to value the coupon payment u 
since it is equivalent to a risky zero-coupon debt payment at t’. 
Valuing the right to F + uto be received at T is harder because 
it is contingent on the firm paying u at t’. Taking the viewpoint 
of the equity holders simplifies the analysis. After the equity 
holders have paid the coupon at t’, their claim on the firm is 
the same as the claim they have in our analysis in the beginning 
of the chapter, namely a call option on the firm with maturity 

at T with exercise price equal to the promised payment to the 
debt holders (which here is F + u). Consequently, by paying 
the coupon at t’ the equity holders acquire a call option on the 
value of the firm at T with exercise price F + u. The value of 
equity at t is the present value of the call option equity holders 
acquire at t’ if they pay the coupon. This is the present value of 
the payoff of a European call option maturing at t’, since they 
get Max(S; — u, 0), where Sy is the value of equity at t’. Hence, 
at t, the equity holders have a call option on the equity value at 
t’ with exercise price u—they have an option on an option, or a 
compound option. The value of debt at t is firm value minus a 
compound option. If we had an additional coupon at t’, so that 
t < t" < T, we would have to subtract from V at t an option 
on an option on an option. This creates a considerable compu- 
tational burden in computing debt value. This burden can be 
surmounted, but it is not trivial to do so. In practice, this diffi- 
culty is compounded by the difficulty that one does not know V 
because of nontraded debt. 


Another difficulty with the Merton model is that default is too 
predictable. Remember that to obtain prices of debt in that 
model, we make the Black-Scholes assumptions. We know that 
with these assumptions firm value cannot jump. As a result, 
default cannot occur unless firm value is infinitesimally close to 
the point where default occurs. In the real world, default is often 
more surprising. For instance, a run on a bank could make its 
equity worthless even though before the run its equity value was 
not close to zero. 


These problems have led to the development of a different 
class of models that take as their departure point a probability 
of default that evolves over time according to a well-defined 
process. Under this approach, the probability of default can 

be positive even when firm value significantly exceeds the face 
value of the debt—this is the case if firm value can jump. The 
economics of default are modeled as a black box. Default either 


happens over an interval of time or it does not. Upon default, 
the debt holder receives a fraction of the promised claim. The 
recovery rate is the fraction of the principal recovered in the 

event of default. This recovery rate can be random or certain. 


Let's look at the simplest case and assume that the process for 

the probability of default is not correlated with the interest rate 
process, and recovery in the event of default is a fixed fraction of 
the principal amount, 6, which does not depend on time. The bond 
value next period is D:.4; + u if the bond is not in default, where u 
is the coupon. If the debt is in default, its value is OF. In the absence 
of arbitrage opportunities, the bond price today, D,, is simply the 
expected value of the bond next period computed using risk- 
neutral probabilities discounted at the risk-free rate. Using g as the 
risk-neutral probability of default, it must be the case that: 


D, = P(t + At) [qeF + 1- gXD,,,,+ u)] (5.16) 


t+At 
In this equation, the value of the nondefaulted debt today 
depends on the value of the nondefaulted debt tomorrow. To 
solve this problem, we therefore start from the last period. In 
the last period, the value of the debt is equal to the principal 
amount plus the last coupon payment, F + u, or to OF. We then 
work backward to the next-to-the-last period, where we have: 


Da PP CDigte= C—O ful (5.17) 


If we know q and 6, we can price the debt in the next-to-the-last 
period and continue to keep working backward to get the debt 
value. 


How can we obtain the probability of default and the amount 
recovered in the event of default? If the firm has publicly traded 
debt, we can infer these parameters from the price of the debt. 
Alternatively, we can infer risk-neutral probabilities of default 
and recovery rates from spreads on debt with various ratings. 


Different applications of this approach can allow for random 
recovery rates as well as for correlations between recovery rates 
and interest rates or correlations between default rates and 
interest rates. The empirical evidence shows that this approach 
works well to price swap spreads and bank subordinated debt. 


5.3 CREDIT RISK MODELS 


There are several differences between measuring the risk of a 
portfolio of debt claims and measuring the risk of a portfolio of 
other financial assets. First, because credit instruments typically 
do not trade on liquid markets where we can observe prices, 
we cannot generally rely on historical data on individual credit 
instruments to measure risk. Second, the distribution of returns 
differs. We cannot assume that continuously compounded 
returns on debt follow a normal distribution. The return of a 


debt claim is bounded by the fact that investors cannot receive 


122 Financial Risk Manager Exam Part Il: Credit Risk Measurement and Management 


more than the principal payment and the coupon payments. In 
statistical terms, this means that the returns to equity are gener- 
ally symmetric, while the returns to debt are skewed—unless the 
debt is deeply discounted. 


The third difference is that firms often have debt issued by cred- 
itors with no traded equity. A fourth difference is that typically 
debt is not marked to market in contrast to traded securities. 
When debt is not marked to market, a loss is recognized only if 
default takes place. Consequently, when debt is not marked to 
market, a firm must be able to assess the probability of default 
and the loss made in the event of default. 


A number of credit risk models resolve some of the difficulties 
associated with debt portfolios. Some models focus only on 
default and on the recovery in the event of default. The most 
popular model of this type is CreditRisk+, from Credit Suisse 
Financial Products. It is based on techniques borrowed from the 
insurance industry for the modeling of extreme events. Other 
models are based on the marked-to-market value of debt 
claims. CreditMetrics™ is a risk model built on the same princi- 
ples as those of RiskMetrics™. The purpose of this risk model is 
to provide the distribution of the value of a portfolio of debt 
claims, which leads to a VaR measure for the portfolio. The KMV 
model is in many ways quite similar to the CreditMetrics™ 
model, except that it makes direct use of the Merton model in 
computing the probability of default.’ All these models can be 
used to compute the risk of portfolios that include other payoffs 
besides those of pure debt contracts. For example, they can 
include swap contracts. As a result, these models talk about esti- 
mating the risk of obligors—all those who have legal obligations 
to the firm—rather than debtors. 


To see how we can use the Merton model for default prediction, 
remember that it assumes that firm value is lognormally dis- 
tributed with constant volatility and that the firm has one zero- 
coupon debt issue. If firm value exceeds the face value of debt 
at maturity, the firm is not in default. We want to compute the 
probability that firm value will be below the face value of debt 
at maturity of the debt because we are interested in forecasting 
the likelihood of a default. To compute this probability, we have 
to know the expected rate of return of the firm since the higher 
that expected rate of return, the less likely it is that the firm will 
be in default. Let m be the expected rate of return of the firm 
value. In this case, the probability of default is simply: 


Probability of default 
_ y{ In = Inv) - nT — 8) + 05077 = 
ovT -t 


N 


(5.18) 


1 Oldrich A. Vasicek, Credit Valuation, KMV Corporation, 1984. 
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The firm value has debt with face value of $100 million due in five years. 
The firm's expected rate of return is 20 percent. 


where N denotes the cumulative normal distribution, F is 
the face value of the debt, V the value of the firm, T 

the maturity date of the debt, and ø the volatility of the rate 
of change of V. 


Consider the case where a firm has value of $120 million, debt 
with face value of $100 million and maturity of five years, the 
expected rate of change of firm value is 20 percent, the volatility 
is 20 percent, and the interest rate is 5 percent. The probability 
that the firm will default is 0.78 percent. 


Figure 5.7 shows how the probability of default is related to 
volatility and firm value. As volatility increases, the probability 
of default increases. It can be substantial even for large firm 
values compared to the face value of the debt when volatility 
is high. 


We use the same approach to compute the firm's expected 
loss if default occurs. The loss if default occurs is often called 
loss given default or LGD. Since default occurs when firm 
value is less than the face value of the debt, we have to com- 
pute the expected value of V given that it is smaller than F. 
The solution is: 


Expected loss = py n + 058° 9) 


ovT -t 
ovT -i 


(5.19) 
The expected loss is $100,614. 


Figure 5.8 shows how the expected loss depends on firm value 
and its volatility. 
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Firm value 


(APTA) The expected loss and its dependence on 
volatility. 


The firm has value of $120 million, the face value of the debt is $100 million, 
the expected rate of change of firm value is 20 percent, and the interest rate is 


10 percent. 


CreditRisk + 


CreditRisk+ allows only two outcomes for each firm over the risk 
measurement period: default and no default. If default occurs, 
the creditor experiences a loss of fixed size. The probability of 
default for an obligor depends on its rating, the realization of K 
risk factors, and the sensitivity of the obligor to the risk factors. 
The risk factors are common across all obligors, but sensitivity to 
the risk factors differs across obligors. Defaults across obligors 
covary only because of the K risk factors. Conditional on the risk 
factors, defaults are uncorrelated across obligors. 


The conditional probability of default for an obligor is the 
probability of default given the realizations of the risk factors, 
while the unconditional probability of default is the probability 
obtained if we do not know the realizations of the risk factors. 
For example, if there is only one risk factor, say, macroeconomic 
activity, we would expect the conditional probability of default 
to be higher when macroeconomic activity is poorer. The uncon- 
ditional probability of default in this case is the probability when 


we do not know whether macroeconomic activity is poor or not. 


If p(x) is the probability of default for the ith obligor conditional 
on the realizations of the risk factors, and x is the vector of risk 
factor realizations, the model specifies that: 
í- 
IC = Ta pi xm, | (5.20) 
k=1 
where mgg is the unconditional probability of default for obligor 


i given that it belongs to grade G. A natural choice of the grade 
of an obligor would be its public debt rating if it has one. Often, 


obligors may not have a rating, or the rating of the com- 
pany may not reflect the riskiness of the debt. Bank debt 
has different covenants than public debt, which makes it 
easier for banks to intervene when the obligor becomes 
riskier. As a result, bank debt is less risky than otherwise 
comparable public debt. The bank internal evaluation 
system often grades loans on a scale from one to ten. 

A bank internal grading system could be used to grade 
obligors. 


The risk factors can take only positive values and are 
scaled so that they have a mean of one. The model also 
assumes that the risk factors follow a specific statistical 
distribution (the gamma distribution). If the kth risk factor 
has a realization above one, this increases the probability 
of default of firm i in proportion to the obligor’s exposure 
to that risk factor measured by wy. 


Once we have computed the probability of default for 
all the obligors, we can get the distribution of the total 
number of defaults in the portfolio. The relevant distribu- 
tion is the distribution of losses. The model expresses 
the loss upon default for each loan in standardized units. A 
standardized unit could be $1 million. The exposure to the ith 
obligor, vi), would be an exposure of v(i) standardized units. A 
mathematical function gives the unconditional probability of a 
loss of n standardized units for each value of n. We can also get 
the volatility of the probability of a loss of n standardized units 
since an unexpectedly high realization of the vector of risk fac- 
tors will lead to a higher than expected loss. 


The CreditRisk+ model is easy to use, largely because of some 
carefully chosen assumptions about the formulation of the 
probability of default and the distribution of the risk factors. The 
statistical assumptions of the model are such that an increase 
in the volatility of the risk factor has a large impact on the tail 
of the distribution of the risk factor. Gordy (2000) provides 
simulation evidence on the CreditRisk+ model. His base case 
has 5,000 obligors and a volatility of the risk factor of 1. The 
distribution of grades for obligors is structured to correspond 
to the typical distribution for a large bank according to Fed- 
eral Reserve Board statistics. He assumes that the loss upon 
default is equal to 30 percent of the loan for all loans. Losses 
are calculated as a percentage of outstanding loans. For a low- 
quality portfolio (the model rating is BB), the expected loss is 
1.872 percent and its volatility is 0.565 percent. The distribution 
of losses is skewed, so the median of 0.769 percent is much 
lower than the expected loss. There is a 0.5 percent probabil- 
ity that the loss will exceed 3.320 percent. As the volatility of 
the risk factor is quadrupled, the mean and standard deviation 
of losses are essentially unchanged, but there is a 0.5 percent 
probability that the loss will exceed 4.504 percent. 


124 E Financial Risk Manager Exam Part Il: Credit Risk Measurement and Management 


CreditMetrics™ 


J.P. Morgan's CreditMetrics™ offers an approach to evaluate the 
risk of large portfolios of debt claims on firms with realistic capi- 
tal structures. To see how the Credit-Metrics™ approach works, 

we start from a single debt claim, show how we can measure the 
risk of the claim with the approach, and then extend the analysis 
to a portfolio of debt claims. 


Consider a debt claim on Almost Iffy Inc. We would like to mea- 
sure the risk of the value of the debt claim in one year using 
VaR. To do that, we need to know the fifth quantile of the distri- 
bution of the value of the debt claim if we use a 5 percent VaR. 


Our first step in using the CreditMetrics™ approach is to figure 
out a rating class for the debt claim. Say that we decide the 
claim should have a rating BBB. Almost Iffy's debt could remain 
at that rating, could improve if the firm does better, or could 
worsen if default becomes more likely. There is a historical 
probability distribution that a claim with a BBB rating will move 
to some other rating. Across claims of all ratings, the rating 
transition matrix presented in Table 5.1 gives us the probability 
that a credit will migrate from one rating to another over one 
year. Such matrices are estimated and made available by rating 
agencies. For a debt claim rated BBB, there is a 1.17 percent 
probability that the debt claim will have a B rating next year. 


To obtain the distribution of the value of the debt claim, we 
compute the value we expect the claim to have for each rating 
in one year. Using the term structure of bond yields for each 
rating category, we can get today’s price of a zero-coupon bond 
for a forward contract to mature in one year. Table 5.2 provides 
an example of one-year forward zero curves. The rows of the 
table give us the one-year forward discount rates that apply to 
zero-coupon bonds maturing in the following four years. 


We assume coupons are promised to be paid exactly in one year 
and at the end of each of the four subsequent years. Say that 
the coupon is $6. We can use the forward zero curves to com- 
pute the value of the bond for each possible rating next year. 
For example, using Table 5.2, if the bond migrates to a BB rat- 
ing, the present value of the coupon to be paid two years from 
now as of next year is $6 discounted at the rate of 5.55 percent. 


If the bond defaults, we need a recovery rate, which is the 
amount received in the event of default as a fraction of the 
principal. Suppose that the bond is a senior unsecured bond. 
Using historical data, the recovery rate for this type of bond is 
51.13 percent. 


2 The CreditMetrics™ Technical Manual, available on RiskMetrics web- 
site, analyzes the example used here in much greater detail. The data 
used here is obtained from that manual. 


We can compute the value of the bond for each rating class 
next year and assign a probability that the bond will end up in 
each one of these rating classes. Table 5.3 shows the result of 
such calculations. A typical VaR measure would use the fifth per- 
centile of the bond price distribution, which is a BB rating and 

a value of $102.02. The mean value of the bond is $107.09, so 
that the fifth percentile is $5.07 below the mean. Say that the 
price today is $108. There is a 5 percent chance we will lose at 
least $5.98. 


If we have many claims, we have to make an assumption about 
the correlations among the various claims. If we know the cor- 
relations, we can measure the risk of a portfolio of debt claims 
using the distribution of the portfolio value. For example, sup- 
pose that we have an AAA bond and a B bond whose migration 
probabilities are independent. That is, knowing that the B bond 
migrates from a B rating to a BB rating provides no information 
about the likelihood that the AAA bond will migrate to an AA 
rating. We compute the probabilities of the transitions for each 
bond independently and multiply them to obtain the joint prob- 
ability. Using the transition probability matrix in Table 5.1, we 
know that the probability of a B bond moving to a BB rating is 
6.48 percent and that the probability of an AAA bond moving 
to an AA rating is 8.33 percent. The probability of these two 
events happening at the same time is the product of the prob- 
abilities of the individual events, 0.0648 x 0.0833 = 0.0054, or 
0.54 percent. 


We can compute the value of the portfolio for that outcome. 
Once we have computed the value of the portfolio for each 
possible outcome as well as the probability of each outcome, 
we have a distribution for the value of the portfolio, and we can 
compute the fifth percentile to obtain a VaR measure. 


If the probabilities of the two bonds moving to a particular 
rating are not independent, the probability that the B bond 
moves to BB given that the AAA bond moves to AA is not the 
product of the probability of the B bond moving to BB and the 
probability of the AAA bond moving to AA. We have to know 
the probability that the two bonds will move that way. In other 
words, we need to know the joint distribution of bond migra- 
tions. Note that the values of the portfolio for each possible 
outcome are the same whether the bond migrations are inde- 
pendent or not. The probabilities of the various outcomes differ 
depending on the migration correlations. Once we know the 
probabilities of each outcome, we can compute a distribution 
for the bond portfolio and again compute its VaR. 


The major difficulty using the CreditMetrics™ approach is com- 
puting the joint distribution of the migrations of the bonds in 
the portfolio. One way is to use historical estimates for the joint 
probabilities of bond migrations. In other words, we could fig- 
ure how often AAA bonds move to an AA rating and B bonds 
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LIELA AT One-Year Transition Matrix 


Initial rating AAA 


Rating at year-end (%) 


AAA 90.81 EO EE ee 0 
AA 90.65 ee 0 
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BB 80.53 1.06 
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IEICE- YA One-Year Forward Zero Curves for Various 
Rating Classes (%) 


Rating class Year 4 
AAA 5.12 
AA 5.17 
A 5.32 
BBB 5.63 
BB 7.27 
B 8.52 
ccc 13.52 


move to a BB rating. This historical frequency would give us an 

estimate of the probability that we seek. Once we have the joint 
probability distribution of transitions for the bonds in the portfo- 
lio, we can compute the probability distribution of the portfolio. 


In general, though, the historical record of rating migrations will 
not be enough. The correlation among the rating migrations 

of two bonds depends on other factors. For example, firms 

in the same industry are more likely to migrate together. To 
improve on the historical approach, CreditMetrics™ proposes 
an approach based on stock returns. Suppose that a firm has a 
given stock price, and we want to estimate its credit risk. From 
the rating transition matrices, we know the probability of the 
firm moving to various ratings. Using the distribution of the 
stock return, we can compute ranges of returns correspond- 

ing to the various ratings—if there is a 5 percent probability of 
default, a default event corresponds to all stock returns that 
have a probability of at least 95 percent of being exceeded over 
the period over which credit risk is computed. Proceeding this 
way, we can produce stock returns corresponding to the various 


rating outcomes for each firm whose credit is in the portfolio. 


LEIJGE:J The Value of the Debt Claim Across Rating 
Classes and Associated Probabilities 
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The correlations between stock returns can then be used to 
compute probabilities of various rating outcomes for the credits. 
For instance, if we have two stocks, we can compute the proba- 
bility that one stock will be in the BB rating range and the other 
in the AA rating range. 


With a large number of credits, using stock returns to compute 
the joint distribution of outcomes is time-consuming. To simplify 
the computation, CreditMetrics™ recommends using a factor 
model in which stock returns depend on country and industry 
indices as well as on unsystematic risk. The Credit-Metrics™ 
technical manual shows how to implement such a model. 


The KMV Model 


KMV derives default probabilities using the “Expected Default 
Frequency” for each obligor from an extension of Equation (5.18). 
KMV computes similar probabilities of default, but assumes a 
slightly more complicated capital structure in doing so. With 
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KMV'‘s model, the capital structure includes equity, short-term 
debt, long-term debt, and convertible debt. KMV then solves for 
the firm value and volatility. 


One advantage of the KMV approach is that probabilities 

of default are obtained using the current equity value, so 

that any event that affects firm value translates directly into 

a change in the probability of default. Ratings change only 

with a lag. Another advantage is that probabilities of default 
change continually rather than only when ratings change. An 
increase in equity value reduces the probability of default. In 
the CreditMetrics™ approach, the value of the firm can change 
substantially, but the probability of default may remain the same 
because the firm's rating does not change. 


KMV uses an approach inspired by the CAPM to obtain the 
expected growth of firm values that is required to implement 
Equation (5.18) and uses a factor model to simplify the correla- 
tion structure of firm returns. The assumptions used imply an 
analytical solution for the loss distribution, so that simulation is 
not needed to compute a Credit VaR with the KMV model. 


Some Difficulties with Credit 
Portfolio Models 


The credit portfolio models just discussed present an important 
advance in measuring credit risk. At the same time, however, 

the models as presented have obvious limitations. Some have 
addressed some of these limitations in implementing the models 
and other models have been developed trying to avoid some of 
these limitations, but these models as described are the most 
popular. Models in their most common implementations do not 
take into account changes in interest rates or credit spreads. 

Yet, we know that the value of a portfolio of debt can change 
both because of changes in default risk and changes in interest 
rates or credit spreads. Nor do the models do much to take into 
account current economic conditions. As the economy moves 
from expansion to recession, the distribution of defaults changes 
dramatically. For example, default numbers reached a peak in 
1991, a recession year, then fell before reaching another peak in 
2001, another recession year. Further, the transition correlations 
increase in recessions. Models that use historical transition matri- 
ces cannot take into account changing economic conditions. 


5.4 CREDIT DERIVATIVES 


Credit derivatives are financial instruments whose payoffs are 
contingent on credit risk realizations. For most credit derivatives, 
the payoff depends on the occurrence of a “credit event” for a 
reference entity. Generally, a credit event is (1) failure to make a 


required payment, (2) restructuring that makes any creditor 
worse off, (3) invocation of cross-default clause, and (4) bank- 
ruptcy. Generally, the required payment or the amount 
defaulted will have to exceed a minimum value (e.g., 


$10 million) for the credit event to occur.’ 


Credit derivatives are designed as hedging instruments for 
credit risks. Consider a bank that has credit exposure to many 
obligors. Before the advent of loan sales and credit derivatives, 
banks managed their credit risk mostly through diversification. 
The problem with that approach to managing credit risk is that it 
forces a bank to turn down customers with which it has valuable 
relationships. With a credit derivative, a bank can make a loan 
to a customer and then hedge part or all of this loan by buying 
a credit derivative. A highly visible example of such a way to use 
credit derivatives is discussed in Box 5.2, Citigroup and Enron. 
Except for a futures contract discussed later, credit derivatives 
are not traded on exchanges. They are over-the-counter instru- 
ments. However, firms can also issue securities publicly that pro- 
vide them with credit protection. 


The simplest credit derivative is a put that pays the loss on debt 
due to default at maturity. A put on the firm value with the same 
maturity as the debt and with an exercise price equal to the face 
value of the debt is a credit derivative, called a credit default 
put, that compensates its holder for the loss due to default if 
such a loss occurs. The put gives its holder the option to receive 
the exercise price in exchange of the debt claim. Since the put 
pays the loss incurred by the debt holder if default takes place, 
a portfolio of the risky debt and the put option is equivalent to 
holding default-free debt since the risk of the debt is offset by 
the purchase of the put. We already priced such a put when we 
valued In-The-Mail’s debt, since that debt was worth risk-free 
debt minus a put. The holder of In-The-Mail debt was short a 
put on firm value; by buying the credit default put, the holder of 
the debt eliminates his credit risk by acquiring an offsetting 
position in the same put. 


The most popular credit derivatives involve swap contracts.‘ 
One type of contract is called a credit default swap. With this 
swap, party A makes a fixed annual payment to party B, while 
party B pays the amount lost if a credit event occurs. For exam- 
ple, if Supplier Inc. in our example wants to get rid of the credit 
risk of In-The-Mail Inc., it can enter a credit default swap with a 
bank. It makes fixed payments to the bank. If In-The-Mail Inc. 
defaults at maturity, the bank pays Supplier Inc. the shortfall due 
to default (face value minus fair value of the debt at the time of 


3 For a description of the documentation of a credit derivative trade, see 
“Inside a credit trade," Derivatives Strategy, 1998 (December), 24-28. 


4 Dominic Baldwin, “Business is booming,” Credit Risk Special Report, 
Risk, April 1999, 8. 
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BOX 5.2 CITIGROUP AND ENRON 


Citigroup had considerable exposure to Enron in 2000. 
At that time, Enron was a successful company. It had 
equity capitalization in excess of $50 billion at the start 
of the year. Its net income for the year was $979 million. 
Enron's senior unsecured debt’s rating was upgraded, 
so that it finished the year rated BAA1 by Moody’s and 
BBB+ by Standard and Poor's. Despite all this, Citigroup 
chose to issue securities for $1.4 billion from August 
2000 to May 2001 that effectively hedged Citigroup's 
exposure to Enron. 


Enron's senior unsecured debt kept its ratings until 
October 2001. In December 2001, Enron’s rating was 

a D; it was bankrupt. Citigroup had a loan exposure 

of $1.2 billion. It also had some insurance-related 
obligations. It had collateral for about half of the loan 
exposure. Most likely, its potential losses were covered 
by the securities it had issued. 


These securities worked as follows. Citibank created a 
trust. This trust issued five-year notes with fixed interest 
payments. The proceeds were invested in high-quality 
debt. If Enron did not go bankrupt, the investors would 
receive the principal after five years. If Enron did go 
bankrupt, Citigroup had the right to swap Enron's debt 
to Citigroup for the securities in the trust. 


Citigroup promised a coupon of 7.37 percent. At the time, 
BAA companies were promising 8.07 percent. However, 
according to a presentation by Enron's treasurer to Stan- 
dard and Poor's in 2000, Enron debt was trading above its 
rating, which led him to pitch a rating of AA. At the same 
time, he explained that the off-balance sheet debt was not 
material to Enron. 


Source: Daniel Altman, “How Citigroup hedged bets on Enron,” 
New York Times, February 8, 2002. 


default). The credit default swap for Supplier Inc. is effectively 
equivalent to buying a credit default put but paying for it by 
installment. Note that the debt will in general require interest 
payments before maturity and covenants to be respected. If the 
obligor fails in fulfilling its obligations under the debt contract, 
there is a credit event. With the credit event, the default pay- 
ment becomes due. 


The credit default swap can have physical delivery, so that Sup- 
plier Inc. would sign over the loan to the bank in the event of a 
default and would receive a fixed payment. Physical delivery is 
crucial for loans that do not have a secondary market, but physi- 
cal delivery of loans involves tricky and time-consuming issues. 
Borrowers often object to having their loans signed over. The 
settlement period for a credit default swap with physical deliv- 
ery tends to be longer than for a bond trade. If the transfer of a 


loan faces objections from the borrower, the settlement might 
extend beyond 30 days.” 


A credit default exchange swap requires each party to pay the 
default shortfall on a different reference asset. Two banks might 
enter a credit default exchange swap for Bank A to pay the 
shortfall on debt from Widget Inc. and Bank B to pay the short- 
fall on debt from In-The-Mail Inc. This way, Bank A reduces its 
exposure to In-The-Mail Inc. and Bank B reduces its exposure to 
Widget Inc. 


Another popular structure is the total return swap. The party 
seeking to buy insurance against credit risks receives the return 
on a risk-free investment and pays the return on an invest- 

ment with default risk. Suppose a bank, the protection buyer, 
owns a debt claim worth $80 million today that pays interest of 
$6 million twice a year in the absence of default for the next five 
years. In a total return swap, the bank pays what it receives from 
the debt claim every six months. Assuming that the issuer of the 
debt claim is not in default, the bank pays $6 million every six 
months. If the issuer does not pay interest at some due date, 
then the bank pays nothing. In return, the bank might receive 
six-month LIBOR on $80 million. At maturity, the obligor repays 
the principal if he is not in default. Suppose the principal is 
$100 million. In this case, the bank gets a payment at maturity of 
$20 million corresponding to the final payment of $100 million 
minus the initial value of $80 million to the swap counterparty. 
Or, if the obligor is in default and pays only $50 million, the pro- 
tection buyer receives from the swap counterparty $80 million 
minus $50 million, or $30 million. This total return swap guaran- 
tees to the bank the cash flows equivalent to the cash flows of a 
risk-free investment of $80 million. 


Pricing a total return swap is straightforward, since it is effec- 
tively the exchange of a risky bond for a default-free bond. 
At initiation, the two bonds have to have the same value. 


Another credit derivative is a futures contract. The Chicago 
Mercantile Exchange Quarterly Bankruptcy Index (OBI) futures 
contract has been traded since April 1998. The OBI is the 

total of bankruptcy filings in U.S. courts over a quarter. Most 
bankruptcies are filed by individuals, which makes the contract 
appropriate to hedge portfolios of consumer debts, such as 
credit card debt. 


The contract is cash settled and the index level is the number 
of bankruptcy filings in thousands during the quarter preced- 
ing contract expiration. At maturity, the futures price equals the 
index level. The settlement variation is the change in the futures 
price times $1,000. The minimum increment in the futures price 
is $0.025. 


° Dwight Case, “The devil's in the details,” Risk, August 2000, 26-28. 
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5.5 CREDIT RISKS OF DERIVATIVES 


Since the value of an option is never negative whereas a swap 
can alternate between positive and negative values, it is not sur- 
prising that the credit risks of options are easier to evaluate than 
the credit risks of swaps. 


An option with default risk is called a vulnerable option. At 
maturity, the holder of an option receives the promised pay- 
ment only if the writer can make the payment. Suppose the 
writer is a firm with value V and the option is a European call on 
a stock with price S. The exercise price of the call is K. Without 
default risk, the option holder receives Max(S — K,0) at maturity. 
With a vulnerable option, the holder receives the promised pay- 
ment only if it is smaller than V, so that the payoff of the call is: 


Max[Min(V, S — K), O] (5.21) 


The current value of the call with default risk is just the present 
value of this payment. There is no closed-form solution for such 
an option, but it is not difficult to evaluate its value using a Monte 
Carlo simulation. The correlation between the value of the firm 
and the value of the option’s underlying asset plays an extremely 
important role in valuation of the vulnerable option. Suppose that 
V and S are strongly negatively correlated. In this case, it could 
be that the option has little value because V is low when the 
option pays off. If V and S are strongly positively correlated, the 
option might have almost no credit risk because V is always high 
when S is high. If an option has credit risk, it becomes straightfor- 
ward to write an option contract that eliminates that credit risk. 
The appropriate credit derivative is one that pays the difference 
between a call without default risk and the vulnerable call: 


Maxts = K, O) = Max[Min(V, S - K), OJ (5.22) 


If we can price the vulnerable call, we can also price the credit 
derivative that insures the call. 


An alternative approach is to compute the probability of default 
and apply a recovery rate if default occurs. In this case, the option 
is a weighted average of an option without default risk and of the 
present value of the payoff if default occurs. Say that the option can 
default only at maturity and does so with probability p. If default 
occurs, the holder receives a fraction z of the value of the option. In 
this case, the value of the option today is (1 — p)c + pzc, where c 
is the value of the option without default risk. 


This approach provides a rather simple way to incorporate credit 
risk in the value of the option when the probability of default 

is independent of the value of the underlying asset of the 
option. Say that the probability of default is 0.05 and the recov- 
ery rate is 50 percent. In this case, the vulnerable call is worth 

(1 — 0.05)c + 0.05 x 0.5 x c, which is 97.5 percent of the value 
of the call without default risk. 


It is often the case that the counterparties to a swap enter mar- 
gin arrangements to reduce default risk. Nevertheless, swaps 
can entail default risk for both counterparties. Netting means 
that the payments between the two counterparties are netted 
out, so that only a net payment has to be made. We assume 
that netting takes place and that the swap is treated like a debt 
claim. If the counterparty due to receive net payments is in 
default, that counterparty still receives the net payments. This is 
called the full two-way payment covenant. In a limited two-way 
payment covenant, the obligations of the counterparties are 
abrogated if one party is in default. 


With these assumptions, the analysis is straightforward when the 
swap has only one payment. Suppose a market maker enters a 
swap with a risky credit. The risky credit receives a fixed amount F 
at maturity of the swap—the fixed leg of the swap—and pays S. S 
could be the value of equity in an equity swap or could be a float- 
ing rate payment determined on some index value at some point 
after the swap’s inception. Let V be the value of the risky credit net 
of all the debt that is senior to the swap. In this case, the market 
maker receives S — F in the absence of default risk. This amount 
can be positive or negative. If the amount is negative, the market 
maker pays F — S to the risky credit for sure. If the amount is posi- 
tive, the market maker receives S — F if that amount is less than V. 


The swap’s payoff to the market maker is: 


=Max(F = S, O) + Max[Min(S, V) — F, O] (5.23) 


The payment that the risk-free counterparty has to make, F, is 
chosen so that the swap has no value at inception. Since the 
risk-free counterparty bears the default risk, in that it may not 
receive the promised payment, it reduces F to take into account 
the default risk. To find F, we have to compute the present value 
of the swap payoff to the market maker. 


The first term in Equation (5.23) is minus the value of a put with 
exercise price F on the underlying asset whose value is S. The sec- 
ond term is the present value of an option on the minimum of two 
risky assets. Both options can be priced. The correlation between 
V and S plays a crucial role. As this correlation falls, the value of 
the put is unaffected, but the value of the option on the minimum 
of two risky assets falls because for a low correlation it will almost 
always be the case that one of the assets has a low value. 


Swaps generally have multiple payments, however, so this 
approach will work only for the last period of the swap, which is 
the payment at T. At the payment date before the last payment 
date, T — At, we can apply our approach. At T — 2 At, however, 
the market maker receives the promised payment at that date 
plus the promise of two more payments: the payment at T — At 
and the payment at T. The payment at T — At corresponds to 
the option portfolio of Equation (5.23), but at T — At the mar- 
ket maker also has an option on the payment of date T which 
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is itself a portfolio of options. In this case, rather than having a 
compound option, we have an option on a portfolio of options. 
Valuation of an option on a portfolio of options is difficult to 
handle analytically, but as long as we know the dynamics that 
govern the swap payments in the default-free case as well as 
when default occurs, we can use Monte Carlo analysis. 


SUMMARY 


We have developed methods to evaluate credit risks for 
individual risky claims, for portfolios of risky claims, and for 
derivatives. The Merton model allows us to price risky debt by 
viewing it as risk-free debt minus a put written on the firm issu- 
ing the debt. The Merton model is practical mostly for simple 
capital structures with one debt issue that has no coupons. 
Other approaches to pricing risky debt model the probability of 
default and then discount the risky cash flows from debt using 
a risk-neutral distribution of the probability of default. Credit 
risk models such as the CreditRisk+ model, the CreditMetrics™ 
model, and the KMV model provide approaches to estimating 
the VaR for a portfolio of credits. Credit derivatives can be used 
to hedge credit risks. 


KEY CONCEPTS 


credit default swap 
credit event 

credit risk 

credit spread 
CreditMetrics™ 

KMV model 

loss given default (LGD) 
obligors 

rating transition matrix 
recovery rate 


vulnerable option 


LITERATURE NOTE 


Black and Scholes (1973) had a brief discussion of the pricing 

of risky debt. Merton (1974) provides a detailed analysis of the 
pricing of risky debt using the Black-Scholes approach. Black 

and Cox (1976) derive additional results, including the pricing of 
subordinated debt and the pricing of debt with some covenants. 
Geske (1977) demonstrates how to price coupon debt using the 
compound option approach. Stulz and Johnson (1985) show the 
pricing of secured debt. Longstaff and Schwartz (1995) extend the 
model so that default takes place if firm value falls below some 


threshold. Their model takes into account interest rate risk as well 
as the possibility that strict priority rules will not be respected. 
Amin and Jarrow (1992) price risky debt in the presence of inter- 
est rates changing randomly using the Black-Scholes approach 
with a version of the Heath-Jarrow-Morton model. 


Duffie and Singleton (1999) provide a detailed overview and 
extensions of the approaches that model the probability of 
default. Applications of this approach show that it generally 
works quite well. Perhaps the easiest application to follow is 

the work of Das and Tufano (1996). They extract probabilities of 
default from historical data on changes in credit ratings. Armed 
with these probabilities and with historical evidence on recovery 
rates and their correlations with interest rates, they price corpo- 
rate debt. Instead of using historical estimates of default prob- 
abilities and recovery rates, they could have extracted these 
parameters from credit spreads and their study discusses how 
this could be done. Jarrow and Turnbull (1995) build an arbi- 
trage model of risky debt where the probability of default can 
be obtained from the firm's credit spread curve. Jarrow, Lando, 
and Turnbull (1997) provide a general approach using credit 
ratings. Another interesting application is Duffie and Singleton 
(1997), who use this approach to price credit spreads embedded 
in swaps. Madan and Unal (1998) price securities of savings and 
loan associations. They show how firm-specific information can 
be incorporated in the default probabilities. 


These various approaches to pricing risky claims have rather 
weak corporate finance underpinnings. They ignore the fact that 
firms act differently when their value falls and that they can bar- 
gain with creditors. Several recent papers take strategic actions 
of the debtor into account. Leland (1994) models the firm in an 
intertemporal setting taking into account taxes and the ability 
to change volatility. Anderson and Sundaresan (1996) take into 
account the ability of firms to renegotiate on the value of the 
debt. Deviations from the doctrine of absolute priority by the 
courts are described in Eberhart, Moore, and Roenfeldt (1990). 


Crouhy, Galai, and Mark (2000) provide an extensive comparative 
analysis of the CreditRisk+, CreditMetrics™, and KMV models. 
Gordy (2000) provides evidence on the performance of the first 
two of these models. Jarrow and Turnbull (2000) critique these 
models and develop an alternative. Johnson and Stulz (1987) were 
the first to analyze vulnerable options. A number of papers provide 
formulas and approaches to analyzing the credit risk of derivatives. 
Jarrow and Turnbull (1995) provide an approach consistent with 
the use of the HJM model. Jarrow and Turnbull (1997) show how 
the approach can be implemented to price the risks of swaps. 


The CME-OBT contract is discussed in Arditti and Curran 
(1998). Longstaff and Schwartz (1995) show how to value credit 
derivatives. 
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Spread Risk and 
Default Intensity 


Models 


E Learning Objectives 


After completing this reading you should be able to: 


Compare the different ways of representing credit spreads. 
Compute one credit spread given others when possible. 
Define and compute the Spread ‘01. 


Explain how default risk for a single company can be 
modeled as a Bernoulli trial. 


Explain the relationship between exponential and Poisson 
distributions. 


Define the hazard rate and use it to define probability 
functions for default time and conditional default 
probabilities. 


Calculate the unconditional default probability and the 
conditional default probability given the hazard rate. 


Distinguish between cumulative and marginal default 
probabilities. 


Calculate risk-neutral default rates from spreads. 


Describe advantages of using the CDS market to estimate 
hazard rates. 


Explain how a CDS spread can be used to derive a hazard 


rate curve. 


Explain how the default distribution is affected by the 
sloping of the spread curve. 


Define spread risk and its measurement using the mark-to- 
market and spread volatility. 


Excerpt is Chapter 7 of Financial Risk Management: Models, History, and Institutions, by Allan Malz. 
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This chapter discusses credit spreads, the difference between 
risk-free and default-risky interest rates, and estimates of default 
probabilities based on credit spreads. Credit spreads are the 
compensation the market offers for bearing default risk. They 
are not pure expressions of default risk, though. Apart from 

the probability of default over the life of the security, credit 
spreads also contain compensation for risk. The soread must 
induce investors to put up not only with the uncertainty of credit 
returns, but also liquidity risk, the extremeness of loss in the 
event of default, for the uncertainty of the timing and extent 

of recovery payments, and in many cases also for legal risks: 
Insolvency and default are messy. 


Most of this chapter is devoted to understanding the relation- 
ship between credit spreads and default probabilities. We pro- 
vide a detailed example of how to estimate a risk neutral default 
curve from a set of credit spreads. The final section discusses 
spread risk and spread volatility. 


6.1 CREDIT SPREADS 


Just as risk-free rates can be represented in a number of 
ways—spot rates, forward rates, and discount factors— 
credit spreads can be represented in a number of equivalent 
ways. Some are used only in analytical contexts, while oth- 
ers serve as units for quoting prices. All of them attempt to 
decompose bond interest into the part of the interest rate 
that is compensation for credit and liquidity risk and the 
part that is compensation for the time value of money: 


Yield spread is the difference between the yield to matu- 
rity of a credit-risky bond and that of a benchmark gov- 
ernment bond with the same or approximately the same 
maturity. The yield spread is used more often in price 
quotes than in fixed-income analysis. 


i-spread. The benchmark government bond, or a 
freshly initiated plain vanilla interest-rate swap, almost 
never has the same maturity as a particular credit-risky 
bond. Sometimes the maturities can be quite differ- 
ent. The i- (or interpolated) spread is the difference 
between the yield of the credit-risky bond and the 
linearly interpolated yield between the two benchmark 
government bonds or swap rates with maturities flank- 
ing that of the credit-risky bond. Like yield spread, it is 
used mainly for quoting purposes. 


z-spread. The z- (or zero-coupon) spread builds on the 
zero-coupon Libor curve. It is generally defined as the 
spread that must be added to the Libor spot curve to 
arrive at the market price of the bond, but may also be 
measured relative to a government bond curve; it is good 


practice to specify the risk-free curve being used. Occa- 
sionally the z-spread is defined using the forward curve. 


If the price of a 7-year credit-risky bond with a cou- 
pon of c and a payment frequency of h (measured 
as a fraction of a year) is p, (c), the z-spread is the 
constant z that satisfies 


T 
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ignoring refinements due to day count conventions. 


Asset-swap spread is the spread or quoted margin on 
the floating leg of an asset swap on a bond. 


Credit default swap spread is the market premium, 
expressed in basis points, of a CDS on similar bonds of 
the same issuer. 


Option-adjusted spread (OAS) is a version of the 
z-spread that takes account of options embedded in the 
bonds. If the bond contains no options, OAS is identical 
to the z-spread. 


Discount margin is a spread concept applied to floating 
rate notes. It is the fixed spread over the current (one- or 
three-month) Libor rate that prices the bond precisely. 
The discount margin is thus the floating-rate note ana- 
logue of the yield spread for fixed-rate bonds. It is some- 
times called the quoted margin. 


Example 6.1 Credit Spread Concepts 


Let's illustrate and compare some of these definitions of credit 
spread using the example of a U.S. dollar-denominated bullet 
bond issued by Citigroup in 2003, the 4% percent fixed-rate 
bond maturing May 7, 2015. As of October 16, 2009, this 
(approximately) 52°Ys60-year bond had a semiannual pay fre- 
quency, no embedded options, and at the time of writing was 
rated Baa 1 by Moody’s and A- by S&P. These analytics are pro- 
vided by Bloomberg's YAS screen. 


Its yield was 6.36, and with the nearest-maturity on-the-run 
Treasury note trading at a yield of 2.35 percent, the yield 
spread was 401 bps. 


The i-spread to the swap curve can be calculated from the five- 
and six-year swap rates, 2.7385 and 3.0021 percent, respec- 
tively. The interpolated 5 200/360-year swap rate is 2.8849 
percent, so the i-spread is 347.5 bps. 


The z-spread, finally, is computed as the parallel shift to the 
fitted swap spot curve required to arrive at a discount curve 
consistent with the observed price, and is equal to 351.8 bps. 
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To see exactly how the z-spread is computed, let's 

look at a more stylized example, with a round-number 

time to maturity and pay frequency, and no accrued 95.05! 
interest. | 


Example 6.2 Computing the z-Spread 95.00) 


We compute the z-spread for a five-year bullet bond 
with semiannual fixed-rate coupon payments of 7 
percent per annum, and trading at a dollar price of 
95.00. To compute the z-spread, we need a swap zero- 
coupon curve, and to keep things simple, we assume 


Spread0t 
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the swap curve is flat at 3.5 percent per annum. The 
spot rate is then equal to a constant 3.470 percent for 
all maturities. 


The yield to maturity of this bond is 8.075 percent, 
so the -spread to swaps is 8.075 — 3.50 = 4.575 
percent. The z-spread is the constant z that satisfies 
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GFI] Computing spread01 for a fixed-rate bond. 


The graph shows how spread01 is computed in Example 6.3 by shocking the 
z-spread up and down by 0.5 bps. The plot displays the value of the bond for a 
range of z-spreads. The point represents the initial bond price and corresponding 
z-spread. The vertical grid lines represent the 1 bps spread shock. The horizontal 
distance between the points on the plot where the vertical grid lines cross is equal to 


the spread01 per $100 par value. 
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This equation can be solved numerically to obtain 
z = 460.5 bps. 


Spread Mark-to-Market 


We studied the concept of DV01, the mark-to-market gain on a 
bond for a one basis point change in interest rates. There is an 
analogous concept for credit spreads, the “spread01," some- 
times called DVCS, which measures the change in the value of a 
credit-risky bond for a one basis point change in spread. 


For a credit-risky bond, we can measure the change in market 


value corresponding to a one basis point change in the z-spread. 


We can compute the spread01 the same way as the DVO1: 
Increase and decrease the z-spread by 0.5 basis points, reprice 
the bond for each of these shocks, and compute the difference. 


Example 6.3 Computing the Spread01 


Continuing the earlier example, we start by finding the bond values 
for a 0.5-bps move up and down in the z-spread. The bond prices are 
expressed per $100 of par value: 


5-2 : 
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= 0.949797 


The difference is 95.0203 — 94.9797 = 0.040682 dollars per 
basis point per $100 of par value. This would typically be 
expressed as $406.82 per $1,000,000 of par value. The proce- 
dure is illustrated in Figure 6.1. 


The spread01 of a fixed-rate bond depends on the initial 
level of the spread, which in turn is determined by the level 
and shape of the swap curve, the coupon, and other design 
features of the bond. The “typical” spread01 for a five-year 
bond (or CDS) is about $400 per $1,000,000 of bond par 
value (or notional underlying amount). At very low or high 
spread levels, however, as seen in Figure 6.2, the spread01 


can fall well above or below $400. 


The intuition is that, as the spread increases and the bond price 
decreases, the discount factor applied to cash flows that are fur- 
ther in the future declines. The spread-price relationship exhib- 
its convexity; any increase or decrease in spread has a smaller 
impact on the bond's value when spreads are higher and dis- 
count factor is lower. The extent to which the impact of a spread 
change is attenuated by the high level of the spread depends 
primarily on the bond maturity and the level and shape of the 


swap or risk-free curve. 


Just as there is a duration measure for interest rates that gives 
the proportional impact of a change in rates on bond value, 

the spread duration gives the proportional impact of a spread 
change on the price of a credit-risky bond. Like duration, spread 
duration is defined as the ratio of the spread01 to the bond 
price. 
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3.5 percent annual rate. 


6.2 DEFAULT CURVE ANALYTICS 


Reduced-form or intensity models of credit risk focus on 

the analytics of default timing. These models are generally 
focused on practical applications such as pricing derivatives 
using arbitrage arguments and the prices of other securities, 
and lead to simulation-friendly pricing and risk measurement 
techniques. In this section, we lay out the basics of these 
analytics. Reduced form models typically operate in default 
mode, disregarding ratings migration and the possibility of 
restructuring the firm’s balance sheet. 


Reduced-form models, like the single-factor model of credit 
risk, rely on estimates of default probability that come from 
“somewhere else.” The default probabilities can be derived 
from internal or rating agency ratings, or from structural credit 
models. But reduced form models are most often based 

on market prices or spreads. These risk-neutral estimates 

of default probabilities can be extracted from the prices of 
credit-risky bonds or loans, or from credit derivatives such as 
credit default swaps (CDS). In the next section, we show how 
to use the default curve analytics to extract default probabili- 
ties from credit spread data. In Chapter 7, we use the result- 
ing default probability estimates as an input to models of 
credit portfolio risk. 


Default risk for a single company can be represented as a 
Bernoulli trial. Over some fixed time horizon t = T> — Ty, 
there are just two outcomes for the firm: Default occurs 
with probability, 7, and the firm remains solvent with prob- 
ability 1 — 7. If we assign the values 1 and 0 to the default 


800 time intervals (T>, T3], (T3, Ta], ... 
GFE Spread01 a declining function of spread level. 


The graph shows how spread01, measured in dollars per $1,000,000 of bond par 
value, varies with the spread level. The bond is a five-year bond making semiannual 
fixed-rate payments at an annual rate of 7 percent. The graph is constructed by per- 
mitting the price of the bond to vary between 80 and 110 dollars, and computing the 
z-spread and spread01 at each bond price, holding the swap curve at a constant flat 


and solvency outcomes over the time interval 

(T;, To], we define a random variable that follows 
a Bernoulli distribution. The time interval (T4, T2] 
is important: The Bernoulli trial doesn't ask “does 
the firm ever default?,” but rather, “does the firm 
default over the next year?” 


The mean and variance of a Bernoulli-distributed 
variate are easy to compute. The expected value of 
default on (T;, T2] is equal to the default probability 
m, and the variance of default is m (1 — 7). 


The Bernoulli trial can be repeated during successive 
We can set each 
time interval to have the same length 7, and stipulate 
that the probability of default occurring during each 
of these time intervals is a constant value v. If the 
firm defaults during any of these time intervals, it 
remains defaulted forever, and the sequence of tri- 
als comes to an end. But so long as the firm remains 
solvent, we can imagine the firm surviving “indefi- 
nitely,” but not “forever.” 


This model implies that the Bernoulli trials are conditionally 
independent, that is, that the event of default over each future 
interval (Tj, T;+1] is independent of the event of default over any 
earlier (j > i) interval (T;, T;+1]. This notion of independence is 

a potential source of confusion. It means that, from the current 
perspective, if you are told that the firm will survive up to time 
Tj, but have no idea when thereafter the firm will default, you 
“restart the clock” from the perspective of time Tj. You have no 
more or less information bearing on the survival of the firm over 
(Ts than you did at an earlier time T; about survival over 
(T, T; + 7]. This property is also called memorylessness. 


In this model, the probability of default over some longer inter- 
val can be computed from the binomial distribution. For exam- 
ple, if 7 is set equal to one year, the probability of survival over 
the next decade is equal (1 — z)'°, the probability of getting a 
sequence of 10 zeros in 10 independent Bernoulli trials. 


It is inconvenient, though, to use a discrete distribution such 
as the binomial to model default over time, since the com- 
putation of probabilities can get tedious. An alternative is to 
model the random time at which a default occurs as the first 
arrival time—the time at which the modeled event occurs—of 
a Poisson process. In a Poisson process, the number of events 
in any time interval is Poisson-distributed. The time to the 
next arrival of a Poisson-distributed event is described by the 
exponential distribution. So our approach is equivalent to 
modeling the time to default as an exponentially distributed 
random variate. This leads to the a simple algebra describing 
default-time distributions, illustrated in Figure 6.3. 
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The graphs are plotted from the perspective of time 0 and assume a value A = 0.15, as 
in Example 6.4. 

Upper panel: Cumulative default time distribution 1 — e™%, The ordinate of each point 
on the plot represents the probability of a default between time 0 and the time t repre- 
sented by the abscissa. 

Lower panel: Hazard rate A and marginal default probability Ae™^. The ordinate of 
each point on the plot represents the annual rate at which the probability of a default 
between time 0 and the time t is changing. The marginal default probability is decreas- 
ing, indicating that the one-year probability of default is falling over time. 


In describing the algebra of default time distributions, we set 
t = 0 as “now,” the point in time from which we are considering 


different time horizons. 


and the probability that no default occurs over the 
time interval dt is 

1— dt 
In this section, we assume that the hazard rate is a 
constant, in order to focus on defining default con- 
cepts. In the next section, where we explore how to 
derive risk-neutral default probabilities from market 
data, we'll relax this assumption and let the hazard 
rate vary for different time horizons. 


Default Time Distribution 
Function 


The default time distribution function or cumulative 
default time distribution F(r) is the probability of 
default sometime between now and time t: 


P[t* < t] =Ftt)=1-e”™ 


The survival and default probabilities must sum to 
exactly 1 at every instant t, so the probability of no 
default sometime between now and time t, called 
the survival time distribution, is 


P[t*>t]=1-P.t*<t|=1-F(t)=e” 


The survival probability converges to 0 and the 
default probability converges to 1 as t grows 
very large: in the intensity model, even a “bullet- 
proof” AAA-rated company will default even- 
tually. This remains true even when we let the 


hazard rate vary over time. 


Default Time Density Function 


The default time density function or marginal 
default probability is the derivative of the default 
time distribution w.rt. t: 


d 


P[t* < t] = F(t) = he ™ 
m ] W) = Ae 


This is always a positive number, since default risk “accumu- 
The Hazard Rate lates”; that is, the probability of default increases for longer 


The hazard rate, also called the default intensity, denoted 
A, is the parameter driving default. It has a time dimension, 
which we will assume is annual.! For each future time, the 
probability of a default over the tiny time interval dt is then 


horizons. If A is small, it will increase at a very slow pace. The 
survival probability, in contrast, is declining over time: 


< Pit =t]=-F'(t) =-re™ <0 


halt With a constant hazard rate, the marginal default prob- 


ability is positive but declining, as seen in the lower panel 


1 In life insurance, the equivalent concept applied to the likelihood of 


of Figure 6.3. This means that, although the firm is likelier 


death rather than default is called the force of mortality. to default the further out in time we look, the rate at which 
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default probability accumulates is declining. This is not neces- 
sarily true when the hazard rate can change over time. The 
default time density is still always positive, but if the hazard 
rate is rising fast enough with the time horizon, the cumulative 
default probability may increase at an increasing rather than at 
a decreasing rate. 


Conditional Default Probability 


So far, we have computed the probability of default over some time 
horizon (0, t). If instead we ask, what is the probability of default 
over some horizon (t, t + 7) given that there has been no default 
prior to time t, we are asking about a conditional default probability. 
By the definition of conditional probability, it can be expressed as 


P*>toat*<t+r] 


Pit <t tilt >t]= 
P[t* >t] 


that is, as the ratio of the probability of the joint event of sur- 
vival up to time t and default over some horizon (t, t + 7), to the 
probability of survival up to time t. 


That joint event of survival up to time t and default over 

(t, t + 7) is simply the event of defaulting during the discrete 
interval between two future dates t and t + 7. In the constant 
hazard rate model, the probability of surviving to time t and 
then defaulting between tand t + 7 is 


PLS 2S C0 = Wa) SF Ra- F) 


1 — e ACET) = (1 = e™) 


= e (1- e™) 


[= ROIA) 
= P[t* > HPE < t+ arl >t] 
We also see that 
F(r) PR <t+alt > ¢ 


which is equal to the unconditional 7-year default probability. 
We can interpret it as the probability of default over 7 years, 
if we started the clock at zero at time t. This useful result is 

a further consequence of the memorylessness of the default 


process. 


If the hazard rate is constant over a very short interval (t, t + 7), 
then the probability the security will default over the interval, 
given that it has not yet defaulted up until time t, is 


Fete _ 


limP[t < f*<t+t|t* >t] = —— = 
limPL jt* >t] = A 


(0) 


The hazard rate can therefore now be interpreted as the instan- 
taneous conditional default probability. 


Example 6. 4 Hazard Rate and Default Probability 


Suppose à = 0.15. The unconditional one-year default 
probability is 1 — e™^ = 0.1393, and the survival probability 
is e™ = 0.8607. This would correspond to a low speculative- 
grade credit. 


The unconditional two-year default probability is 1 — e% = 


0.2592. In the upper panel of Figure 6.3, horizontal grid 
lines mark the one- and two-year default probabilities. 

The difference between the two- and one-year default 
probabilities—the probability of the joint event of survival 
through the first year and default in the second—is 0.11989. 
The conditional one-year default probability, given survival 
through the first year, is the difference between the two 
probabilities (0.11989), divided by the one-year survival 
probability 0.8607: 


0.11989 
0.8607 


= 0.1393 


which is equal, in this constant hazard rate example, to the 
unconditional one-year default probability. 


6.3 RISK-NEUTRAL ESTIMATES 
OF DEFAULT PROBABILITIES 


Our goal in this section is to see how default probabilities can 
be extracted from market prices with the help of the default 
algebra laid out in the previous section. As noted, these prob- 
abilities are risk neutral, that is, they include compensation for 
both the loss given default and bearing the risk of default and 
its associated uncertainties. The default intensity model gives 
us a handy way of representing spreads. We denote the spread 
over the risk-free rate on a defaultable bond with a maturity of T 
by zz. The constant risk-neutral hazard rate at time Tis A*. If we 
line up the defaultable securities by maturity, we can define a 
spread curve, that is, a function that relates the credit spread to 
the maturity of the bond. 


Basic Analytics of Risk-Neutral 
Default Rates 


There are two main types of securities that lend themselves 
to estimating default probabilities, bonds and credit default 
swaps (CDS). We start by describing the estimation process 
using the simplest possible security, a credit-risky zero-cou- 
pon corporate bond. 
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Let's first summarize the notation of this section: 


pP, Current price of a default-free 7-year 
zero-coupon bond 


al Current price of a defaultable 7-year 
zero-coupon bond 

r, Continuously compounded discount rate on the 
default free bond 

Z Continuously compounded spread on the 
defaultable bond 

R Recovery rate 

x T-year risk neutral hazard rate 

1—e* Annualized risk neutral default probability 


We assume that there are both defaultable and default-free 
zero-coupon bonds with the same maturity dates. The issuer’s 
credit risk is then expressed by the discount or price conces- 
sion at which it has to issue bonds, compared to the that on 
government bonds, rather than the coupon it has to pay to get 
the bonds sold. We'll assume there is only one issue of default- 
able bonds, so that we don’t have to pay attention to seniority, 
that is, the place of the bonds in the capital structure. 


We'll denote the price of the defaultable discount bond matur- 
ing in 7 years by p;°"P, measured as a decimal. The default-free 
bond is denoted p,. The continuously compounded discount 
rate on the default-free bond is the spot rate r,, defined by 


p, = e7 
A corporate bond bears default risk, so it must be cheaper than 
a risk-free bond with the same future cash flows on the same 
dates, in this case $1 per bond in 7 years: 

pP, = pP 


The continuously compounded 7-year spread on a zero-coupon 
corporate is defined as the difference between the rates on the 
corporate and default-free bonds and satisfies: 


corp — Catz) = -Z7 
ps es pe 
Since pS°"P = p., we have z = 0. 


The credit spread has the same time dimensions as the spot 
rate r,. It is the constant exponential rate at which, if there is no 
default, the price difference between a risky and risk-free bond 
shrinks to zero over the next 7 years. 


To compute hazard rates, we need to make some assumptions 
about default and recovery: 
e The issuer can default any time over the next 7 years. 


e In the event of default, the creditors will receive a deter- 
ministic and known recovery payment, but only at the 


maturity date, regardless of when default occurs. Recov- 
ery is a known fraction R of the par amount of the bond 
(recovery of face). 


We'll put all of this together to estimate A*, the risk-neutral 
constant hazard rate over the next 7 years. The risk-neutral 
r-year default probability is thus 1 — e “"7 Later on, we will 
introduce the possibility of a time-varying hazard rate and 
learn how to estimate a term structure from bond or CDS 
data in which the spreads and default probabilities may vary 
with the time horizon. The time dimensions of A* are the 
same as those of the spot rate and the spread. It is the con- 
ditional default probability over (0, T), that is, the constant 
annualized probability that the firm defaults over a tiny time 
interval t + At, given that it has not already defaulted by time 
t Witt <t<T. 


The risk-neutral (and physical) hazard rates have an exponential 
form. The probability of defaulting over the next instant is a 
constant, and the probability of defaulting over a discrete time 
interval is an exponential function of the length of the time 
interval. 


For the moment, let’s simplify the setup even more, and let 
the recovery rate R = 0. An investor in a defaultable bond 
receives either $1 or zero in 7 years. The expected value of 
the two payoffs is 


er lei eC. 
The expected present value of the two payoffs is 
e'Lest-14+ d-—e)-0O] 


Discounting at the risk-free rate is appropriate because we 
want to estimate A*, the risk-neutral hazard rate. To the extent 
that the credit-risky bond price and z, reflect a risk premium 
as well as an estimate of the true default probability, the risk 
premium will be embedded in A*, so we don't have to dis- 
count by a risky rate. 


The risk-neutral hazard rate sets the expected present 

value of the two payoffs equal to the price of the defaultable 
bond. In other words, if market prices have adjusted 

to eliminate the potential for arbitrage, we can solve 
Equation (6.1) for A*: 


e-stz" = erje- -1 + (1-— ee) - O] (6.1) 


to get our first simple rule of thumb: If recovery is zero, then 


that is, the hazard rate is equal to the spread. Since for small 
values of x we can use the approximation e* = 1 + x, we also 
can say that the spread z, = 1 — e™, the default probability. 
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Example 6.5 Example 6.6 


Suppose a company’s securities have a five-year spread of 300 Continuing the example of a company with a five-year spread of 


bps over the Libor curve. Then the risk-neutral annual hazard 300 bps, with a recovery rate R = 0.40, we have a hazard rate of 


rate over the next five years is 3 percent, and the annualized 


default probability is approximately 3 percent. The exact annual- ial 
ized default probability is 2.96 percent, and the five-year default 


probability is 13.9 percent. 


Now let the recovery rate R be a positive number on (0, 1). 
The owner of the bond will receive one of two payments at 
the maturity date. Either the issuer does not default, and the 
creditor receives par ($1), or there is a default, and the creditor 
receives R. Setting the expected present value of these pay- 
ments equal to the bond price, we have 

eTit) — e-tTe7 + (l a, e A DR] 
or 


e% = e™ + (1 -eR =1- (1 - e™)A -— R) 


giving us our next rule of thumb: The additional credit-risk dis- 
count on the defaultable bond, divided by the LGD, is equal to 
the 7-year default probability: 


ISR 


We can get one more simple rule of thumb by taking logs in 
Equation (6.1): 


eZ A oea ae eR] 
or 
z.71 = _logle™ + (1 -— e*)R] 


This expression can be solved numerically for A*, or we can 
use the approximations e* = 1 + x and log(1 + x) = x, so 
e+ (1 —eeR = 1— Agr + Agr R= 1 — Merl = F- 
Therefore, 


logit 210) aN aC) 
Putting these results together, we have 
Z 
zt = Xr- R)> N = — 
T T T = R 


The spread is approximately equal to the default probability 
times the LGD. The approximation works well when spreads or 
risk-neutral default probabilities are not too large. 


or 5 percent. 


So far, we have defined spot hazard rates, which are implied by 
prices of risky and riskless bonds over different time intervals. 
But just as we can define spot and forward risk-free rates, we 
can define spot and forward hazard rates. A forward hazard rate 
from time T, to T; is the constant hazard rate over that interval. 
If T4 = 0, it is identical to the spot hazard rate over (0, T3). 


Time Scaling of Default Probabilities 


We typically don't start our analysis with an estimate of the haz- 
ard rate. Rather, we start with an estimate of the probability of 
default 7 over a given time horizon, based on either the prob- 
ability of default provided by a rating agency or a model, or on 
a market credit spread. 


These estimates of 7 have a specific time horizon. The default 
probabilities provided by rating agencies for corporate debt 
typically have a horizon of one year. Default probabilities based 
on credit spreads have a time horizon equal to the time to 
maturity of the security from which they are derived. The time 
horizon of the estimated default probability may not match the 
time horizon we are interested in. For example, we may have a 
default probability based on a one-year transition matrix, but 
need a five-year default probability in the context of a longer- 
term risk analysis. 


We can always convert a default probability from one time hori- 
zon to another by applying the algebra of hazard rates. But we 
can also use a default probability with one time horizon directly 
to estimate default probabilities with longer or shorter time 

horizons. Suppose, for example, we have an estimate of the 

one-year default probability 74. From the definition of a constant 
hazard rate, 


T= ee 


we have 


> 
II 


log =m) 


This gives us an identity 


Ta = e7090 - m) 
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We can then approximate 


2000 ‘eee Om emcee eee ee ° 
T,= 1 T) pG Ford Motor Co. 
ri e Torso win sansa Genie wees 

1500 ° -7777 Ford Motor Credit O """ ° 
Credit Default Swaps us 
So far, we have derived one constant hazard rate iodo L 7 
using the prices of default-free and defaultable b 
discount bonds. This is a good way to introduce Pi 
the analytics of risk-neutral hazard rates, but a i 
bit unrealistic, because corporations do not issue [ 

Tg aa ee arg ee el ee E — 


many zero-coupon bonds. Most corporate zero- 


coupon issues are commercial paper, which have 0 
a typical maturity under one year, and are issued 
by only a small number of highly rated “blue chip” 
companies. Commercial paper even has a distinct 
rating system. 


In practice, hazard rates are usually estimated from 
the prices of CDS. These have a few advantages: 


Standardization. In contrast to most developed- 

country central governments, private companies do not issue 
bonds with the same cash flow structure and the same senior- 
ity in the firm's capital structure at fixed calendar intervals. 
For many companies, however, CDS trading occurs regularly 
in standardized maturities of 1, 3, 5, 7, and 10 years, with the 
five-year point generally the most liquid. 


Coverage. The universe of firms on which CDS are issued is 
large. Markit Partners, the largest collector and purveyor of 
CDS data, provides curves on about 2,000 corporate issu- 
ers globally, of which about 800 are domiciled in the United 
States. 


Liquidity. When CDS on a company’s bonds exist, they gen- 
erally trade more heavily and with a tighter bid-offer spread 
than bond issues. The liquidity of CDS with different maturi- 
ties usually differs less than that of bonds of a given issuer. 


Figure 6.4 displays a few examples of CDS credit curves. 


Hazard rates are typically obtained from CDS curves via a boot- 
strapping procedure. We'll see how it works using a detailed 
example. We first need more detail on how CDS contracts work. 
We also need to extend our discussion of the default probability 
function to include the possibility of time-varying hazard rates. 
CDS contracts with different terms to maturity can have quite 
different prices or spreads. 


To start, recall that in our simplified example above, the hazard 
rate was found by solving for the default probability that set the 


e—a Bank of America 


6m 1 


CDS on senior unsecured debt as a function of tenor, expressed as an annualized CDS 
premium in basis points, July 1, 2008. 


2 3 4 5 7 10 
CDS curves. 


Source: Bloomberg Financial L.P. 


expected present value of the credit spread payments equal to 
the expected present value of the default loss. Similarly, to find 
the default probability function using CDS, we set the expected 
present value of the spread payments by the protection buyer 
equal to the expected present value of the protection seller's 
payments in the event of default. 


The CDS contract is written on a specific reference entity, typi- 
cally a firm or a government. The contract defines an event of 
default for the reference entity. In the event of default, the con- 
tract obliges the protection seller to pay the protection buyer 
the par amount of a deliverable bond of the reference entity; 
the protection buyer delivers the bond. The CDS contract speci- 
fies which of the reference entity's bonds are “deliverable,” that 
is, are covered by the CDS. 


In our discussion, we will focus on single-name corporate CDS, 
which create exposure to bankruptcy events of a single issuer 
of bonds such as a company or a sovereign entity. Most, but 
not all, of what we will say about how CDS work also applies to 
other types, such as CDS on credit indexes. 


CDS are traded in spread terms. That is, when two traders make 
a deal, the price is expressed in terms of the spread premium 
the counterparty buying protection is to pay to the counterparty 
selling protection. CDS may trade “on spread” or “on basis.” 
When the spread premium would otherwise be high, CDS trade 
points upfront, that is, the protection buyer pays the seller a 
market-determined percentage of the notional at the time of 
the trade, and the spread premium is set to 100 or 500 bps, 
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called “100 running.” Prior to the so-called “Big Bang” reform 
of CDS trading conventions that took place on March 13, 2009, 
only CDS on issuers with wide spreads traded “points up.” 

The running spread was, in those cases, typically 500 bps. The 
reformed convention has all CDS trading points up, but with 
some paying 100 and others 500 bps running. 


A CDS is a swap, and as such 


e Generally, no principal or other cash flows change hands 
at the initiation of the contract. However, when CDS trade 
points upfront, a percent of the principal is paid by the 
protection buyer. This has an impact primarily on the coun- 
terparty credit risk of the contract rather than on its pric- 
ing, since there is always a soread premium, with no points 
up front paid, that is equivalent economically to any given 
market-adjusted number of points upfront plus a running 
spread. There are generally exchanges of collateral when a 
CDS contract is created. 


e Under the terms of a CDS, there are agreed future cash 
flows. The protection buyer undertakes to make spread pay- 
ments, called the fee leg, each quarter until the maturity date 
of the contract, unless and until there is a default event per- 
taining to the underlying name on which the CDS is written. 
The protection seller makes a payment, called the contingent 
leg, only if there is a default. It is equal to the estimated loss 
given default, that is, the notional less the recovery on the 
underlying bond.” 


e The pricing of the CDS, that is, the market-adjusted spread 
premium, is set so that the expected net present value of the 
CDS contract is zero. In other words, on the initiation date, 
the expected present value of the fee leg is equal to that of 
the contingent leg. If market prices change, the net present 
value becomes positive for one counterparty and negative 
for the other; that is, there is a mark-to-market gain and loss. 


The CDS contract specifies whether the contract protects the 
senior or the subordinated debt of the underlying name. For 
companies that have issued both senior and subordinated debt, 
there may be CDS contracts of both kinds. 


Often, risk-neutral hazard rates are calculated using the con- 
ventional assumption about recovery rates that R = 0.40. An 
estimate based on fundamental credit analysis of the specific 


2 There is a procedure for cash settlement of the protection seller’s con- 
tingent obligations, standard since April 2009 as part of the “Big Bang,” 
in which the recovery amount is determined by an auction mechanism. 
The seller may instead pay the buyer the notional underlying amount, 
while the buyer delivers a bond, from a list of acceptable or “deliver- 
able” bonds issued by the underlying name rather than make a cash 
payment. In that case, it is up to the seller to gain the recovery value 
either through the bankruptcy process or in the marketplace. 


firm can also be used. In some cases, a risk-neutral estimate is 
available based on the price of a recovery swap on the credit. A 
recovery swap is a contract in which, in the event of a default, 
one counterparty will pay the actual recovery as determined 

by the settlement procedure on the corresponding CDS, while 
the other counterparty will pay a fixed amount determined at 
initiation of the contract. Subject to counterparty risk, the coun- 
terparty promising that fixed amount is thus able to substitute 

a fixed recovery rate for an uncertain one. When those recovery 
swap prices can be observed, the fixed rate can be used as a risk- 
neutral recovery rate in building default probability distributions. 


Building Default Probability Curves 


Next, let's extend our earlier analysis of hazard rates and default 
probability distributions to accommodate hazard rates that 

vary over time. We will add a time argument to our notation to 
indicate the time horizon to which it pertains. The conditional 
default probability at time t, the probability that the company 
will default over the next instant, given that it has survived up 
until time t, is denoted A(t), t€ [0, œ). 


The default time distribution function is now expressed in terms 
of an integral in hazard rates. The probability of default over the 
interval [O, t is 


= 1 — a Jord \ 
Tigao er (6.2) 


If the hazard rate is constant, A(t) = A, tE [0, x), then Equation 
(6.2) reduces to our earlier expression m, = 1 — e*. In practice, 
we will be estimating and using hazard rates that are not constant, 
but also don’t vary each instant. Rather, since we generally have 
the standard CDS maturities of 1, 3, 5, 7, and 10 years available, 
we will extract 5 piecewise constant hazard rates from the data: 


The integral from which default probabilities are calculated via 
Equation (6.2) is then 


At O<ts] 
n ATU EDA 1< t m3 
LASD = 44, + 2A, + — 3)A, for 3<t<=5 

e 5 < ži 

Ar FA Oh = ag rat 


Now, let’s look at the expected present value of each CDS leg. 
Denote by s, the spread premium on a 7-year CDS on a par- 
ticular company. The protection buyer will pay the spread in 
quarterly installments if and only if the credit is still alive on the 
payment date. The probability of survival up to date tis 1 — Ta 
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so we can express this expected present value, in dollars per 
dollar of underlying notional, as 


1 At 
——— s (l= T...) 
4 x 10* 2, P 0.25 


where p, is the price of a risk-free zero-coupon bond maturing 
at time t. We will use a discount curve based on interest-rate 
swaps. The summation index u takes on integer values, but since 
we are adding up the present values of quarterly cash flows, we 
divide u by 4 to get back to time measured in years. 


There is one more wrinkle in the fee leg. In the event of default, 
the protection buyer must pay the portion of the spread pre- 
mium that accrued between the time of the last quarterly pay- 
ment and the default date. This payment isn't included in the 
summation above. The amount and timing is uncertain, but the 
convention is to approximate it as half the quarterly premium, 
payable on the first payment date following default. The implicit 
assumption is that the default, if it occurs at all, occurs midway 
through the quarter. The probability of having to make this pay- 
ment on date tis equal to m, — 79.25, the probability of default 
during the interval (t — %, t]. This probability is equal to the 
probability of surviving to time (t — %4] minus the smaller prob- 
ability of surviving to time t. 


Taking this so-called fee accrual term into account, the expected 
present value of the fee leg becomes 


op) Porsu cis Resets = Osa 7 Rogen 
u=1 


Next, we calculate the expected present value of the contingent 
leg. If a default occurs during the quarter ending at time t, the 
present value of the contingent payment is (1 — R)p; per dollar 
of notional. We assume that the contingent payment is made on 
the quarterly cash flow date following the default. The expected 
present value of this payment is obtained by multiplying this 
present value by the probability of default during the quarter: 


cis Rp Cm, = 7 


t-0 25) 


The expected present value of the contingent leg is therefore 
equal to the sum of these expected present values over the life 
of the CDS contract: 


AT 
d= Rd, eee Toa = E. 


The fair market CDS spread is the number s, that equalizes 
these two payment streams, that is, solves 


] At 


4 x 10° 
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Now we're ready to estimate the default probability distribu- 
tion. To solve Equation (6.3), the market must “have in its mind” 
an estimate of the default curve, that is the m, Of course, it 
doesn’t: The s, are found by supply and demand. But once we 
observe the spreads set by the market, we can infer the m by 
backing them out of Equation (6.3) via a bootstrapping proce- 
dure, which we now describe. 


The data we require are swap curve interest data, so that we can 
estimate a swap discount curve, and a set of CDS spreads s, on 
the same name and with the same seniority, but with different 
terms to maturity. We learned how to generate a swap curve 
from observation on money-market and swap rates, so we will 
assume that we can substitute specific numbers for all the dis- 
count factors p}. 


Let's start by finding the default curve for a company for which 
we have only a single CDS spread, for a term, say, of five years. 
This will result in a single hazard rate estimate. We need default 
probabilities for the quarterly dates t = 0.25, 0.50, ... , 5. 
They are a function of the as-yet unknown hazard rate A: 7, = 
1—e **t t > 0. Substituting this, the five-year CDS spread, the 
recovery rate and the discount factors into the CDS valuation 
function (6.3) gives us 


a Šp le a 
A x 10°24 reals DN l 
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with 7 = 5. This is an equation in one unknown variable that can 
be solved numerically for A. 


Example 6.7 


We compute a constant hazard rate for Merrill Lynch as of 
October 1, 2008, using the closing five-year CDS spread of 
445 bps. We assume a recovery rate R = 0.40. To simplify 
matters, we also assume a flat swap curve, with a continuously 
compounded spot rate of 4.5 percent for all maturities, so the 
discount factor for a cash flow t years in the future is e 0°, 
As long as this constant swap rate is reasonably close to the 
actual swap rate prevailing on October 1, 2008, this has only a 


small effect on the numerical results. 
With 7 = 5, s. = 445, R = 0.40, we have 


4-5 


aioe 


0.0455 


0.045% 


= 0605'e (e vel gt) 


u=1 


This equation can be solved numerically to obtain A = 0.0741688. 
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The bootstrapping procedure is a bit more complicated, since it 
involves a sequence of steps. But each step is similar to the cal- 
culation we just carried out for a single CDS spread and a single 
hazard rate. The best way to explain it is with an example. 


Example 6.8 


We will compute the default probability curve for Merrill Lynch 
as of October 1, 2008. The closing CDS spreads on that date for 
each CDS maturity were 


i E s,(b an yr) Ài 
1 0.09600 
2 0.07303 
3 0.05915 
4 0.03571 
5 0.03416 


The table above also displays the estimated forward hazard 
rates, the extraction of which we now describe in detail. We 
continue to assume a recovery rate R = 0.40 and a flat swap 


curve, with the discount function p, = e °°! 


At each step 1i, we need quarterly default probabilities over the 
interval (0, 7] i = 1, , 5, some or all of which will still be 
unknown when we carry out that step. We progressively “fill 
in” the integral in Equation (6.2) as the bootstrapping process 


moves out the curve. In the first step, we find 
CEU a] 
We start by solving for the first hazard rate A4. We need the dis- 


count factors for the quarterly dates t = %, %, %, 1, and the CDS 
spread with the shortest maturity, 7,. We solve this equation in 


wT, = 1-e™ 


one unknown for A: 


1 4- Ay 1 a" - 
——— sS ale 9 tle 
7x10 oe Poss 2 J 


åt j ay 
= A- RYE Paas, le ‘4 m. i | 


With 7, = 1,$,,; = 576, and R = 0.40, this becomes 


576 4 -0045* [ 1 P ) 
e t- \@ -p 
4 x10 me L 2 J 
060y e le> e>] 


u=1 


which we can solve numerically for A;, obtaining A; = 0.0960046. 
Once the default probabilities are substituted back in, the fee 


and the contingent legs of the swap are found to each have 
a fair value of $0.0534231 per dollar of notional principal 
protection. 


In the next step, we extract A> from the data, again by setting 
up an equation that we can solve numerically for Az. We now 

need quarterly default probabilities and discount factors over 
the interval (0, 72] = (0, 3]. For any t in this interval, 


fama Ji-e* 


lo<t<1 
Hoarty for 1S S45 


l 
3j 
The default probabilities for t = 7; = 1 are known, since they 
use only A}. 


Substitute these probabilities, as well as the discount factors, 
recovery rate, and the three-year CDS spread into the expres- 
sion for CDS fair value to get: 


Ut Ps e =) 


s, Poa, e” ' ' 


4x10 8&4 2 | 
+ aor’ S HS ool J id me a | 
Sa et e>) 
T 
+(-R)e*" S p, \e ae) ga 


u=41 +1 


and solve numerically for A>. 


Notice that the first term on each side of the above equation 
is a known number at this point in the bootstrapping process, 
since the default probabilities for horizons of one year or less 
are known. Once we substitute the known quantities into the 


above equation, we have 


490 -0045Ë 109500 ly Lopes 6 «=! OREOD4: ] 
ye ‘le e ‘ e 


A x10" 2 
s3 704 af l] 1 A | ] 
490 ; paa e | e L p ip bea | 
4x10 z 2 
= 0.04545 
490 000800855" e panas i f ' i Ui ! e la || 
4 x 10° . 2 | 
_ 060¥.e 0.0454 if, -0.09600454- a eee | 
m -oo4s2 fy | M » fu a | 
tO60¥e ‘le` e” 
u=5 
= 0.05342 +0.605e ‘Lei ) e] 


which can be solved numerically to obtain Az = 0.0730279. 
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Let's spell out one more step explicitly and extract A3 from the of either leg becomes the next period's value of contingent leg 
data. The quarterly default probabilities and discount factors payments in previous periods: 
we now need cover the interval (0, 73) = (0, 5). For any tin this 


interval, Either Contingent 
i Leg —> 7; Leg — Ti -1 
ne | O<t<1| 
n=l-e» q — ea att Dag] -fr J 1<ts3 1 0.05342 0.00000 0.00000 
t l= go Dataa +E-3)A3] | | Z<t=5 


2 0.12083 0.04545 0.05342 
The default probabilities for t = 72 = 3 are known, since they 3 0.16453 0.10974 0.12083 
are functions of A, and A> alone, which are known after the sec- 4 0.18645 0.14605 0.16453 
5 0.21224 0.16757 0.18645 


The CDS in our example did not trade points up, in contrast to 


ond step. 


Now we use the five-year CDS spread in the expression for CDS 


fair value to set up: 
the standard convention since 2009. However, Equation (6.3) 


£. © á PE if: hen on!) also provides an easy conversion between pure spread quotes 
4 x 104 ae 028" ? and points up quotes on CDS. 

P ae oh 5 : gts 4 Ben uel “105 ] To keep things simple, suppose that both the swap and the 

4 x 10° To iaaeaee 2 hazard rate curves are flat. The swap rate is a continuously 

5 4t: i 
[Atta Ce] N gs ate 1 as É ) 

+ — Vl ASTA 1 e 4 + =, @ 4 r 4 

4x10" rea 2 


AT, 


= 0-3 Peale? et) 


u=1 
4t. ee 
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u=47 +1 
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Once again, at this point in the bootstrapping process, 


since the default probabilities for horizons of three years or 
less are known, the first two terms on each side of the equals J = m 7 a 


sign are known quantities. And once we have substituted 


them, we have 0 i 


0.10974 
445 4t 1 g , E 30 
+— e a} p, 1e * '+ale™* '-e 
4x 10° i, — 2 
; 20 
Ti A À ] 
012083 +0.60 BF O -e 
u=4t, +1 10 
which can be solved numerically to obtain A3 = 0.05915. WA 
The induction process should now be clear. It is illustrated in ` = 
; ; n 2 4 6 8 1 
Figure 6.5. With our run of five CDS maturities, we repeat the Foxe 4.5) or f defaul 
process twice more. The intermediate results are tabulated by p E 
step in the table below. Each row in the table displays the pres- Upper panel shows the CDS spreads from which the hazard rates are com- 


puted as dots, the estimated hazard rates as a step function (solid plot). 
The default density is shown as a dashed plot. 

Lower panel shows the default distribution. Notice the discontinuities of 
contingent legs up until that step. Note that last period’s value slope as we move from one hazard rate to the next. 


ent expected value of either leg of the CDS after finding the 
contemporaneous hazard rate, and the values of the fee and 
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compounded r for any term to maturity, and the hazard rate is 
A for any horizon. Suppose further that the running spread is 
500 bps. The fair market CDS spread will then be a constant 

s for any term 7. From Equation (6.3), the expected present 
value of all the payments by the protection buyer must equal 
the expected present value of loss given default, so the points 
upfront and the constant hazard rate must satisfy 


points upfront 


aa G-R)Yetle™ Ee) (6.4) 
u=1 
500 & ret ae a eS -at ) 
a j + le oe 


Once we have a hazard rate, we can solve Equation (6.4) for the 
spread from the points upfront, and vice versa. 


The Slope of Default Probability Curves 


Spread curves, and thus hazard curves, may be upward- or 
downward-sloping. An upward-sloping spread curve leads to a 
default distribution that has a relatively flat slope for shorter hori- 
zons, but a steeper slope for more distant ones. The intuition is that 


for risk. For longer horizons, there is a greater likelihood of an 
unforeseen and unforeseeable change in the firm's situation and 
a rise in its default probability. The increased spread for longer 
horizons is in part a risk premium that compensates for this 
possibility. 


Downward-sloping spread curves are unusual, a sign that the 
market views a credit as distressed, but became prevalent during 
the subprime crisis. Figure 6.7 displays an example typical for 
financial intermediaries, that of Morgan Stanley (ticker MS), one 
of the five large broker-dealers not associated with a large com- 
mercial bank within a bank holding company during the period 
preceding the crisis. (The other large broker-dealers were Bear 
Stearns, Lehman Brothers, Merrill Lynch, and Goldman Sachs.) 
Before the crisis, the MS spread curve was upward-sloping. The 
level of spreads was, in retrospect, remarkably low; the five-year 
CDS spread on Sep. 25, 2006 was a mere 21 basis points, sug- 
gesting the market considered a Morgan Stanley bankruptcy a 
highly unlikely event. 


The bankruptcy of Lehman Brothers cast doubt on the ability of 
any of the remaining broker-dealers to survive, and also showed 
that it was entirely possible that senior creditors of these 


the credit has a better risk-neutral chance of surviv- 
ing the next few years, since its hazard rate and thus 
unconditional default probability has a relatively low 
starting point. But even so, its marginal default prob- 
ability, that is, the conditional probability of default- 
ing in future years, will fall less quickly or even rise for 
some horizons. 


A downward-sloping curve, in contrast, has a rela- 
tively steep slope at short horizons, but flattens out 
more quickly at longer horizons. The intuition here 
is that, if the firm survives the early, “dangerous” 
years, it has a good chance of surviving for a long 
time. 


An example is shown in Figure 6.6. Both the 
upward- and downward-sloping spread curves 
have a five-year spread of 400 basis points. The 
downward-sloping curve corresponds to an uncon- 
ditional default probability that is higher than that 
of the upward-sloping curve for short horizons, but 
significantly lower than that of the upward-sloping 
curve for longer horizons. 


Spread curves are typically gently upward sloping. 
If the market believes that a firm has a stable, low 
default probability that is unlikely to change for the 
foreseeable future, the firm's spread curve would 
be flat if it reflected default expectations only. 
However, spreads also reflect some compensation 


1.0} 
| upward sloping spread curve 

0.8 ie 
nati 

0.6 2a" 
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Graph displays cumulative default distributions computed from these CDS curves, in 
basis points: 


Term Downward 


800 
500 
400 
375 
350 


A constant swap rate of 4.5 percent and a recovery rate of 40 percent were used in 
extracting hazard rates. 


GAYA Spread curve slope and default distribution. 
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Morgan Stanley CDS curves, select dates Morgan 
Stanley senior unsecured CDS spreads, basis points. 


Source: Bloomberg Financial L.P. 


institutions would suffer severe credit losses. Morgan Stanley 

in particular among the remaining broker-dealers looked very 
vulnerable. Bear Stearns had already disappeared; Merrill Lynch 
appeared likely to be acquired by a large commercial bank, 
Bank of America; and Goldman Sachs had received some fresh 
capital and was considered less exposed to credit losses than 
its peers. 


By September 25, 2008, the five-year CDS spread on MS senior 
unsecured debt had risen to 769 basis points. Its 6-month CDS 
spread was more than 500 basis points higher at 1,325 bps. 

At a recovery rate of 40 percent, this corresponded to about 

a 12 percent probability of bankruptcy over the next half-year. 
The one-year spread was over 150 times larger than two years 
earlier. Short selling of MS common equity was also widely 
reported, even after the company announced on September 25 
that the Federal Reserve Board had approved its application to 
become a bank holding company. 


One year later, the level of spreads had declined significantly, 
though they remained much higher than before the crisis. On 
Feb. 24, 2010, the MS five-year senior unsecured CDS spread 
was 147 basis points, and the curve was gently upward-sloping 
again. 


6.4 SPREAD RISK 


Spread risk is the risk of loss from changes in the pricing of 
credit-risky securities. Although it only affects credit portfolios, it 
is closer in nature to market than to credit risk, since it is gener- 
ated by changes in prices rather than changes in the credit state 
of the securities. 


Mark-to-Market of a CDS 


We can use the analytics of the previous section 
to compute the effect on the mark-to-market 
value of a CDS of a change in the market-clearing 
premium. At initiation, the mark-to-market value 
of the CDS is zero; neither counterparty owes the 
other anything. If the spread increases, the pre- 
mium paid by the fixed-leg counterparty increases. 
This causes a gain to existing fixed-leg payers, who 
in retrospect got into their positions cheap, and a 
loss to the contingent-leg parties, who are receiv- 
F ing less premium than if they had entered the 
position after the spread widening. This mark-to- 
market effect is the spread01 of the CDS. 


To compute the mark-to-market, we carry out the 

same steps needed to compute the spread01 of a 

fixed-rate bond. In this case, however, rather than 
increasing and decreasing one spread number, the z-spread, by 
0.5 bps, we carry out a parallel shift up and down of the entire 
CDS curve by 0.5 bps. This is similar to the procedure we car- 
ried out in computing DV01 for a default-free bond, in which we 
shifted the entire spot curve up or down by 0.5 bps. 


For each shift of the CDS curve away from its initial level, we 
recompute the hazard rate curve, and with the shocked hazard 
rate curve we then recompute the value of the CDS. The differ- 
ence between the two shocked values is the spread01 of the CDS. 


Spread Volatility 


Fluctuations in the prices of credit-risky bonds due to the market 
assessment of the value of default and credit transition risk, as 
opposed to changes in risk-free rates, are expressed in changes 
in credit spreads. Spread risk therefore encompasses both 

the market's expectations of credit risk events and the credit 
spread it requires in equilibrium to put up with credit risk. The 
most common way of measuring spread risk is via the spread 
volatility or “spread vol,” the degree to which spreads fluctuate 
over time. Spread vol is the standard deviation—historical or 
expected—of changes in spread, generally measured in basis 
points per day. 


Figure 6.8 illustrates the calculations with the spread volatility 
of five-year CDS on Citigroup senior U.S. dollar-denominated 
bonds. The enormous range of variation and potential for 
extreme spread volatility is clear from the top panel, which 
plots the spread levels in basis points. The center panel shows 
daily spread changes (also in bps). The largest changes occur 
in the late summer and early autumn of 2008, as the collapses 
of Fannie Mae and Freddie Mac, and then of Lehman, shook 
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Measuring spread volatility: Citigroup 
spreads 2006-2010. 


Citigroup 5-year CDS spreads, August 2, 2006, to September 2, 2010. All 
data expressed in bps. 

Source: Bloomberg Financial L.P. 

Upper panel: Spread levels. 

Center panel: Daily spread changes. 

Lower panel: Daily EWMA estimate of spread volatility at a daily rate. 


confidence in the solvency of large intermediaries, and Citigroup 
in particular. Many of the spread changes during this period are 
extreme outliers from the average—as measured by the root 
mean square—over the entire period from 2006 to 2010. 


The bottom panel plots a rolling daily spread volatility esti- 
mate, using the EWMA weighting scheme. The calculations are 
carried out using the recursive form Equation, with the root 
mean square of the first 200 observations of spread changes 
as the starting point. The volatility is expressed in basis points 
per day. A spread volatility of, say, 10 bps, means that, if you 
believe spread changes are normally distributed, you would 
assign a probability of about 2 out of 3 to the event that tomor- 
row’s spread level is within 610 bps of today’s level. For the 
early part of the period, the spread volatility is close to zero, a 
mere quarter of a basis point, but spiked to over 50 bps in the 
fall of 2008. 


Further Reading 


Duffie (1999), Hull and White (2000), and O'Kane and Turnbull 

(2003) provide overviews of CDS pricing. Houweling and Vorst 
(2005) is an empirical study that finds hazard rate models to be 
reasonably accurate. 


Klugman, Panjer, and Willmot (2008) provides an accessible 
introduction to hazard rate models. Litterman and Iben (1991); 
Berd, Mashal, and Wang (2003); and O’Kane and Sen (2004) 
apply hazard rate models to extract default probabilities. Schon- 
bucher (2003), Chapters 4-5 and 7, is a clear exposition of the 
algebra. 


See Markit Partners (2009) and Senior Supervisors Group 
(2009a) on the 2009 change in CDS conventions. 
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Portfolio Credit 
Risk 


WE Learning Objectives 


After completing this reading you should be able to: 


© Define and calculate default correlation for credit portfolios. © Define and calculate Credit VaR. 

© Identify drawbacks in using the correlation-based credit © Describe how Credit VaR can be calculated using 
portfolio framework. a simulation of joint defaults. 

© Assess the impact of correlation on a credit portfolio and its © Assess the effect of granularity on Credit VaR. 
Credit VaR. 


© Describe the use of the single-factor model to measure 
portfolio credit risk, including the impact of correlation. 


Excerpt is Chapter 8 of Financial Risk Management: Models, History, and Institutions, by Allan Malz. 
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In this chapter, we extend the study of credit risk to portfolios 
containing several credit-risky securities. We begin by intro- 
ducing the most important additional concept we need in this 
context, default correlation, and then discuss approaches to 
measuring portfolio credit risk. 


A portfolio of credit-risky securities may contain bonds, com- 
mercial paper, off-balance-sheet exposures such as guarantees, 
as well as positions in credit derivatives such as credit default 
swaps (CDS). A typical portfolio may contain many different 
obligors, but may also contain exposures to different parts of 
one obligor’s capital structure, such as preferred shares and 
senior debt. All of these distinctions can be of great importance 
in accurately measuring portfolio credit risk, even if the models 
we present here abstract from many of them. 


In this chapter, we focus on an approach to measuring portfolio 
credit risk. It employs a factor model, the key feature of which 
is latent factors with normally distributed returns. Conditional 
on the values taken on by that set of factors, defaults are inde- 
pendent. There is a single future time horizon for the analysis. 
We will specialize the model even further to include only default 
events, and not credit migration, and only a single factor. In 
the CreditMetrics approach, this model is used to compute 

the distribution of credit migrations as well as default. One 
could therefore label the approach described in this chapter as 
“default-mode CreditMetrics.” An advantage of this model is 
that factors can be related to real-world phenomena, such as 
equity prices, providing an empirical anchor for the model. The 
model is also tractable. 


7.1 DEFAULT CORRELATION 


In modeling a single credit-risky position, the elements of risk 
and return that we can take into consideration are 


e The probability of default 


e The loss given default (LGD), the complement of the value of 
recovery in the event of default 


e The probability and severity of rating migration (nondefault 
credit deterioration) 


e Spread risk, the risk of changes in market spreads for a given 
rating 


e For distressed debt, the possibility of restructuring the firm’s 
debt, either by negotiation among the owners of the firm 
and of its liabilities, or through the bankruptcy process. 
Restructuring opens the possibility of losses to owners of 
particular classes of debt as a result of a negotiated settle- 
ment or a judicial ruling 


To understand credit portfolio risk, we introduce the additional 
concept of default correlation, which drives the likelihood of 
having multiple defaults in a portfolio of debt issued by several 
obligors. To focus on the issue of default correlation, we'll take 
default probabilities and recovery rates as given and ignore the 
other sources of return just listed. 


Defining Default Correlation 


The simplest framework for understanding default correlation is 
to think of 


e Two firms (or countries, if we have positions in sovereign 


debt) 
e With probabilities of default (or restructuring) m and m 
e Over some time horizon T 


e And a joint default probability—the probability that both 


default over 7 —equal to 742 


This can be thought of as the distribution of the product of two 
Bernoulli-distributed random variables x, with four possible out- 
comes. We must, as in the single-firm case, be careful to define 
the Bernoulli trials as default or solvency over a specific time 
interval 7. In a portfolio credit model, that time interval is the 
same for all the credits in the book. 


We have a new parameter 72 in addition to the single-name 
default probabilities. And it is a genuinely new parameter, 

a primitive: It is what it is, and isn’t computed from m 

and m, unless we specify it by positing that defaults are 
independent. 


Since the value 1 corresponds to the occurrence of default, the 
product of the two Bernoulli variables equals O for three of the 
outcomes—those included in the event that at most one firm 
defaults—and 1 for the joint default event: 


Outcome Probability 


No default em omc 1 = m 19 + m? 
Firm 1 only defaults ee Bon on TI ~ 142 

Firm 2 only defaults olai o T2 ~ 7742 

Both firms default 712 


These are proper outcomes; they are distinct, and their prob- 
abilities add up to 1. The probability of the event that at least 
one firm defaults can be found as either 1 minus the probability 
of the first outcome, or the sum of the probabilities of the last 
three outcomes. 


P[Firm 1 or Firm 2 or both default] = 2, + a, - m, 
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We can compute the moments of the Bernoulli variates: 


e The means of the two Bernoulli-distributed default pro- 
cesses are 


E[x] = m, j= 1,2 


e The expected value of the product—representing joint 
default—is E[ x1 x>] = m12- 


e The variances are 


ELX]? - (EXI = m1- 7) i=1,2 


e The covariance is 


Elxx T- EILE] Snp aT, 


e The default correlation, finally, is 


= Ni, MT, 


r e S (7.1) 
m= ) ync t.) 


y 


We can treat the default correlation, rather than joint default 
probability, as the primitive parameter and use it to find the 
joint default probability: 


T Po 7,0 — n) r, C — T,) +1 Tt, 


The joint default probability if the two default events are inde- 
pendent is 7742 = mm, and the default correlation is p42 = O. If 
Pi2 * O, there is a linear relationship between the probability of 
joint default and the default correlation: The larger the “excess” 
of 72 over the joint default probability under independence, 
7777, the higher the correlation. Once we specify or estimate the 
T, we can nail down the joint default probability either directly 
or by specifying the default correlation. Most models, including 
those set out in this chapter, specify a default correlation rather 
than a joint default probability. 


Example 7.1 Default Correlation 


Consider a pair of credits, one BBB+ and the other BBB— 
rated, with 7, = 0.0025 and m = 0.0125. If the defaults are 
uncorrelated, then 7742 = 0.000031, less than a third of a basis 
point. If, however, the default correlation is 5 percent, then 

772 = 0.000309, nearly 10 times as great, and at 3 basis points, 
no longer negligible. 


In a portfolio containing more than two credits, we have more 
than one joint default probability and default correlation. And, 
in contrast to the two-credit portfolio, we cannot specify the 
full distribution of defaults based just on the default prob- 
abilities and the pairwise correlations or joint default prob- 
abilities. To specify all the possible outcomes in a three-credit 
portfolio, we need the three single-default probabilities, the 


three two-default probabilities, and the no-default and three- 
default probabilities, a total of eight. But we have only seven 
conditions: the three single-default probabilities, three pairwise 
correlations, and the constraint that all the probabilities add 

up to unity. It’s the latter constraint that ties out the probabili- 
ties when there are only two credits. With a number of credits 
n > 2, we have 2” different events, but only n + 1+" % 
conditions: 


We can't therefore build an entire credit portfolio model solely 
on default correlations. But doing so is a pragmatic alternative 
to estimating or stipulating, say, the 1,024 probabilities required 
to fully specify the distribution of a portfolio of 10 credits. 


Even if all the requisite parameters could be identified, the 
number would be quite large, since we would have to define 

a potentially large number of pairwise correlations. If there are 
N credits in the portfolio, we need to define N default prob- 
abilities and N recovery rates. In addition, we require N(N — 1) 
pairwise correlations. In modeling credit risk, we often set all of 
the pairwise correlations equal to a single parameter. But that 
parameter must then be non-negative, in order to avoid correla- 
tion matrices that are not positive-definite and results that make 
no sense: Not all the firms’ events of default can be negatively 
correlated with one another. 


Example 7.2 
Consider a portfolio containing five positions: 


1. A five-year senior secured bond issued by Ford Motor 
Company 


2. A five-year subordinate unsecured bond issued by Ford 
Motor Company 


3. Long protection in a five-year CDS on Ford Motor Credit 
Company 


4. A five-year senior bond issued by General Motors Company 
5. A 10-year syndicated term loan to Starwood Resorts 


If we set a horizon for measuring credit risk of 7 = 1 year, we 
need to have four default probabilities and 12 pairwise default 


correlations, since there are only four distinct corporate entities 
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represented in the portfolio. However, since the two Ford Motor 
Company bonds are at two different places in the capital struc- 
ture, they will have two different recovery rates. 


This example has omitted certain types of positions that will certainly 
often occur in real-world portfolios. Some of their features don't fit 
well into the portfolio credit risk framework we are developing: 


e Guarantees, revolving credit agreements, and other contin- 
gent liabilities behave much like credit options. 


e CDS basis trades are not essentially market- or credit-risk— 
oriented, although both market and credit risk play a very 
important role in their profitability. Rather, they may be 
driven by “technical factors,” that is, transitory disruptions in 
the typical positioning of various market participants. 


A dramatic example occurred during the subprime crisis. 
The CDS basis widened sharply as a result of the dire lack of 
funding liquidity. 

e Convertible bonds are both market- and credit-risk oriented. 
Equity and equity vega risk can be as important in convert- 
ible bond portfolios as credit risk. 


The Order of Magnitude of Default 
Correlation 


For most companies that issue debt, most of the time, default is 
a relatively rare event. This has two important implications: 


1. Default correlation is hard to measure or estimate using 
historical default data. Most studies have arrived at one- 
year correlations on the order of 0.05. However, estimated 
correlations vary widely for different time periods, industry 
groups, and domiciles, and are often negative. 


2. Default correlations are small in magnitude. 


In other contexts, for example, thinking about whether a regression 
result indicates that a particular explanatory value is important, we 
get used to thinking of, say, 0.05 as a “small” or insignificant corre- 
lation and 0.5 as a large or significant one. The situation is different 
for default correlations because probabilities of default tend to be 
small—on the order of 1 percent—for all but the handful of CCC 
and below firms. The probability of any particular pair of credits 
defaulting is therefore also small, so an “optically” small correlation 
can have a large impact, as we saw in Example 7.1. 


7.2 CREDIT PORTFOLIO RISK 
MEASUREMENT 


To measure credit portfolio risk, we need to model default, 
default correlation, and loss given default. In more elaborate 


models, we can also include ratings migration. We restrict our- 
selves here to default mode. But in practice, and in such com- 
mercial models as Moody’s KMV and CreditMetrics, models 
operate in migration mode; that is, credit migrations as well as 
default can occur. 


Granularity and Portfolio Credit 
Value-at-Risk 


Portfolio Credit VaR is defined similarly to the VaR of a single 
credit. It is a quantile of the credit loss, minus the expected loss 
of the portfolio. 


Default correlation has a tremendous impact on portfolio risk. 
But it affects the volatility and extreme quantiles of loss rather 
than the expected loss. If default correlation in a portfolio of 
credits is equal to 1, then the portfolio behaves as if it consisted 
of just one credit. No credit diversification is achieved. If default 
correlation is equal to 0, then the number of defaults in the 
portfolio is a binomially distributed random variable. Significant 
credit diversification may be achieved. 


To see how this works, let's look at diversified and undiversi- 
fied portfolios, at the two extremes of default correlation, 0 
and 1. Imagine a portfolio of n credits, each with a default 
probability of 7 percent and a recovery rate of zero percent. 
Let the total value of the portfolio be $1,000,000,000. We 
will set n to different values, thus dividing the portfolio into 
larger or smaller individual positions. If n = 50, say, each 
position has a value of $20,000,000. Next, assume each 
credit is in the same place in the capital structure and that 
the recovery rate is zero; in the event of default, the position 
is wiped out. We'll assume each position is an obligation of 
a different obligor; if two positions were debts of the same 
obligor, they would be equivalent to one large position. We 
can either ignore the time value of money, which won't play 
a role in the example, or think of all of these quantities as 
future values. 


Now we'll set the default correlation to either O or 1. 


e If the default correlation is equal to 1, then either the entire 
portfolio defaults, with a probability of 7, or none of the 
portfolio defaults. In other words, with a default correlation 
of 1, regardless of the value of n, the portfolio behaves as 
though n = 1. 


We can therefore continue the analysis by assuming all of 
the portfolio is invested in one credit. The expected loss is 
equal to m X 1,000,000,000. But with only one credit, there 
are only the two all-or-nothing outcomes. The credit loss is 
equal to O with probability 1 — m. The default correlation 
doesn’t matter. 
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The extreme loss given default is equal to $1,000,000,000, 
since we've assumed recovery is zero. If 7 is greater than 
the confidence level of the Credit VaR, then the VaR is equal 
to the entire $1,000,000,000, less the expected loss. If 7 is 
less than the confidence level, then the VaR is less than zero, 
because we always subtract the expected from the extreme 
loss. If, for example, the default probability is 7 = 0.02, the 
Credit VaR at a confidence level of 95 percent is negative 
(i.e., a gain), since there is a 98 percent probability that the 
credit loss in the portfolio will be zero. Subtracting from that 
the expected loss of m x 1,000,000,000 = 20,000,000 gives 
us a VaR of —$20,000,000. The Credit VaR in the case of a 
single credit with binary risk is well-defined and can be com- 
puted, but not terribly informative. 


e Ifthe default correlation is equal to 0, the number of 
defaults is binomially distributed with parameters n and 7. 
We then have many intermediate outcomes between the 
all-or-nothing extremes. 


Suppose there are 50 credits in the portfolio, so each posi- 
tion has a future value, if it doesn’t default, of $20,000,000. 
The expected loss is the same as with one credit: 

aw X 1,000,000,000. But now the extreme outcomes are 

less extreme. Suppose again that 7 = 0.02. The number of 
defaults is then binomially distributed with parameters 50 
and 0.02. The 95th percentile of the number of defaults is 3, 
as seen in Figure 7.1; the probability of two defaults or less is 
0.92 and the probability of three defaults or less is 0.98. With 
three defaults, the credit loss is $60,000,000. Subtracting the 
expected loss of $20,000,000, which is the same as for the 
single-credit portfolio, we get a Credit VaR of $40,000,000. 


As we continue to increase the number of positions and 
decrease their size, keeping the total value of the portfolio 


0.7 L 


0.4 


1 2 


constant, we decrease the variance of portfolio values. For 

n = 1,000, the 95th percentile of defaults is 28, and the 95th 
percentile of credit loss is $28,000,000, so the Credit VaR is 
$8,000,000. 


We summarize the results for n = 1, 50, 1,000, for default prob- 
abilities 7 = 0.005, 0.02, 0.05, and at confidence levels of 95 and 
99 percent in Table 7.1 and in Figure 7.2. 


What is happening as the portfolio becomes more granular, that 
is, contains more independent credits, each of which is a smaller 
fraction of the portfolio? The Credit VaR is, naturally, higher for 
a higher probability of default, given the portfolio size. But it 
decreases as the credit portfolio becomes more granular for a 
given default probability. The convergence is more drastic with 
a high default probability. But that has an important converse: It 
is harder to reduce VaR by making the portfolio more granular, if 
the default probability is low. 


Eventually, for a credit portfolio containing a very large number 
of independent small positions, the probability converges to 
100 percent that the credit loss will equal the expected loss. 
While the single-credit portfolio experiences no loss with prob- 
ability 1 — a and a total loss with probability 7, the granular 
portfolio experiences a loss of 1007 percent “almost certainly.” 
The portfolio then has zero volatility of credit loss, and the 
Credit VaR is zero. 


In the rest of this chapter, we show how models of portfolio 
credit risk take default correlation into account, focusing on one 
model in particular: The single-factor model, since it is a struc- 
tural model, emphasizes the correlation between the fundamen- 
tal driver of default of different firms. Default correlation in that 
model depends on how closely firms are tied to the broader 
economy. 


4 5 no. defaults 


Distribution of defaults in an uncorrelated credit portfolio cumulative probability distribution function 
of the number of defaults in a portfolio of 50 independent credits with a default probability of 2 percent. 
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LIÉ CWA Credit VaR of an Uncorrelated Credit Portfolio 


7 = 0.005 m=002 | = 0.05 


Expected loss 


95 Percent Confidence Level 
Number of defaults 
Proportion of defaults 

Credit value-at-risk 

99 Percent Confidence Level 
Number of defaults 
Proportion of defaults 


Credit value-at-risk 
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Number of defaults 
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99 Percent Confidence Level 


Number of defaults 


Proportion of defaults 


Credit value-at-risk 


95 Percent Confidence Level 


Number of defaults 
Proportion of defaults 

Credit value-at-risk 

99 Percent Confidence Level 
Number of defaults 
Proportion of defaults 


Credit value-at-risk 


7.3 DEFAULT DISTRIBUTIONS 
AND CREDIT VAR WITH THE 
SINGLE-FACTOR MODEL 


In the example of the last section, we set default correlation only 
to the extreme values of 0 and 1, and did not take account of idio- 
syncratic credit risk. In the rest of this chapter, we permit default 
correlation to take values anywhere on (0, 1). The single-factor 


5,000,000 20,000,000 
= 1 


9 28 
0.009 0.028 


6,000,000 11,000,000 


50,000,000 


—50,000,000 


1.000 
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model enables us to vary default correlation through the credit's 
beta to the market factor and lets idiosyncratic risk play a role. 


Conditional Default Distributions 


To use the single-factor model to measure portfolio credit risk, 
we start by imagining a number of firms; = 1, 2, ... , each 
with its own correlation 6; to the market factor, its own standard 
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Distribution of losses in an uncorrelated credit 
portfolio. 

The graph displays the probability density of losses for each combination of a number 
of equally sized credits and default probabilities. The initial future value of the portfolio 
is $1,000,000,000. The values on the x-axis can be interpreted as the fraction of credit 


losses or as the dollar value of loss in billions. The dashed grid line marks the 99th percen- 
tile of loss. The solid grid line marks the expected loss and is the same in each panel. 


deviation of idiosyncratic risk V1 — 82, and its own idiosyncratic 
shock e€,. Firm i's return on assets is 


a= Bm + Jl-Bte f=1,2,... 


We assume that m and e, are standard normal variates, and are 
not correlated with one another. We now in addition assume the 
€; are not correlated with one another: 


cratic shock: 


Just as in the single-credit version of the model, 
firm 1 defaults if a, = k; the logarithmic distance 
to the default asset value, measured in standard 
deviations. 


Example 7.3 Correlation and Beta in Credit 
Single-Factor Model 


Suppose firm 1 is “cyclical” and has B, = 0.5, 
while firm 2 is “defensive” and has B = 0.1. The 
asset return correlation of the two firms is then 
BB. = 0.5 X 0.1 = 0.05. 


The single-factor model has a feature that makes 
it an especially handy way to estimate portfolio 
credit risk: conditional independence, the prop- 
erty that once a particular value of the market 
factor is realized, the asset returns—and hence 
default risks—are independent of one another. 
Conditional independence is a result of the model 
assumption that the firms’ returns are correlated 


only via their relationship to the market factor. 


To see this, let m take on a particular value m. The 
distance to default—the asset return—increases or 


decreases, and now has only one random driver e; the idiosyn- 


a, — B,m,/1— Bre 1 2. .,. 


The mean of the default distribution shifts for any B; > 0 when 
the market factor takes on a specific value. The variance of 


the default distribution is reduced from 1 to V1 — B?, even 


though the default threshold k; has not changed. The change 


m ~ NC, 1) 

e~ N(0, D) = Pe ee Figure 7.3. 
Covim,e] =O f/=1,2,... 
Cov[e,e] =O 4/=1,2,... 


in the distribution that results from conditioning is illustrated in 


Example 7.4 Default Probability and Default Threshold 


Suppose a firm has 6; = 0.4 and k,—2.33, it is a middling credit, 


Under these assumptions, each a; is a standard normal variate. 
Since both the market factor and the idiosyncratic shocks are 
assumed to have unit variance, the beta of each credit i to the 


but cyclical (relatively high 8). Its unconditional probability of 
default is P(—2.33) = 0.01. If we enter a modest economic 


market factor is equal to B;. The correlation between the asset 
returns of any pair of firms i and j is BB; 

Elal=O /=1,2,... 
varla] = B? +1- B? = ESN eee 


E|(8,m +1- B?e,}(B,m + J1- Be, ] 


=BBis=1,2,... 


CovLa, a] 


downturn, with m = —1.0, the conditional asset return distribu- 
tion is N(—0.4, V1 — 0.402) or N(—0.4, 0.9165), and the condi- 
tional default probability is found by computing the probability 
that this distribution takes on the value —2.33. That probability 
is 1.78 percent. 


If we were in a stable economy with m = 0, we would need 
a shock of —2.33 standard deviations for the firm to die. But 
with the firm's return already 0.4 in the hole because of an 
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unconditional 
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-3 -2 -1 0 1 i 
Default probabilities in the single-factor model. 


The graph assumes £; = 0.4, k = —2.33 (<7; = 0.01), and m = —2.33. The 
unconditional default distribution is a standard normal distribution, while the con- 


ditional default distribution is n( Bm, Va — BP) ), = N(-0.4, 0.9165). 


Upper panel: Unconditional and conditional probability density of default. Note 
that the mean as well as the volatility of the conditional distribution are lower. 
Lower panel: Unconditional and conditional cumulative default distribution 
function. 


economy-wide recession, it takes only a 1.93 standard deviation 
additional shock to kill it. 


Now suppose we have a more severe economic downturn, with 
m = —2.33. The firm’s conditional asset return distribution is 
N(—0.932, 0.9165) and the conditional default probability is 
6.4 percent. A 0.93 standard deviation shock (e; = —0.93) will 
now trigger default. 


To summarize, specifying a realization m = m does three things: 


1. The conditional probability of default is greater or smaller 
than the unconditional probability of default, unless either 
m = Oor B; = 0, that is, either the market factor shock hap- 
pens to be zero, or the firm's returns are independent of the 


state of the economy. 


There is also no longer an infinite number of com- 
binations of market and idiosyncratic shocks that 
would trigger a firm 1 default. Given m, a realization 
of e; less than or equal to 


k-ai 7 =1,2;... 


triggers default. This expression is linear and down- 
ward sloping in m: As we let m vary from high 
(strong economy) to low (weak economy) values, a 
smaller (less negative) idiosyncratic shock will suffice 
to trigger default. 


2. The conditional variance of the default distribution is 
1 — B?, so the conditional variance is reduced from 
the unconditional variance of 1. 


3. It makes the asset returns of different firms indepen- 
dent. The e; are independent, so the conditional returns 
V1 — Bee; and V1 — Be, and thus the default out- 


comes for two different firms i and j are independent. 


Putting this all together, while the unconditional default 
distribution is a standard normal, the conditional distri- 
bution can be represented as a normal with a mean of 
—B.m and a standard deviation of V1 — p°. 


The conditional cumulative default probability function 
can now be represented as a function of m: 


i(k -Bm) l 
WM) =? -1 į = 1, 2,... 
| ¥I- BP ) 


It is plotted in the lower panel of Figure 7.4 for differ- 
ent correlations. This function is the standard normal 
distribution function of a random variable that has been 
standardized in a specific way. The mean, or “number 
of standard deviations,” is set to the new distance to 
default, given the realization of the market factor, while 
the standard deviation itself is set to its value V1 — B 
under conditional independence. The intuition is that, 


for a given value of the market factor, the probability of 
default depends on how many standard deviations below 
its mean of 0 is the realization of e;. The density function 
corresponding to the cumulative default function is plot- 
ted in the upper panel of Figure 7.4. 


Asset and Default Correlation 


We began earlier to discuss the difference between the 
asset return and the default correlation. Let's look for a 


moment at the relationship between the two. 
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To get the default correlation for this model, we 
substitute m = ®(j) into Equation (7.1), the expres- 
sion for the linear correlation: 


| i Bas 


P =T TS A 
VZ R a cl — 2) 


From here on, let’s assume that the parameters are 
the same for all firms; that is, 68, = B, kj = k, and 

m; = 7,1= 1,2,... The pairwise asset return cor- 
relation for any two firms is then B*. The probability 
of a joint default for any two firms for this model is 


{zp 
tb k 


k P[-~sask,-»saxk] 
\ j 


and the default correlation between any pair of 
firms is 


n1- r) 


Example 7.5 Default Correlation and Beta 


What 6 corresponds to a “typical” low investment- 
grade default probability of 0.01 and a default 
correlation of 0.05? We need to use a numerical 


-20 Pr 10 e o m Procedure to find the parameter £ that solves 
Single-factor default probability distribution. 0.05 (i) = 
»= O05 = 
Probability of default of a single obligor, conditional on the realization of m(x-axis). The nl- 1) 


default probability is set to 1 percent (k = —2.33), and the default correlation is set to 


different values as specified by the plot labels. 


With 7 = 0.01, the results are 8 = 0.561, the asset 


Upper panel: Conditional default density function, that is, the density function corre- correlation B? = 0.315, and a joint default probability 


sponding to p(m). 


Lower panel: Conditional cumulative distribution function of default p(m). 


In the single-factor model, the cumulative return distribution of 
any pair of credits | and j is a bivariate standard normal with a 
correlation coefficient equal to BG; 


-nan ** 


Its cumulative distribution function is (2). The probability of 


a joint default is then equal to the probability that the realized 
value is in the region {~œ = a, = k, —~ = a = kì: 


k 


ae 


off =P= a Sk, —~sa sk] 


of 0.0006, or 6 basis points. Similarly, starting with 
B = 0.50 (£ = 0.25), we find a joint default probabil- 
ity of 4.3 basis points and a default correlation of 0.034. 


Credit VaR Using the Single-Factor Model 


In this section, we show how to use the single-factor model to 
estimate the Credit VaR of a “granular,” homogeneous portfolio. 
Let n represent the number of firms in the portfolio, and assume 
n is a large number. We will assume the loss given default is $1 
for each of the n firms. Each credit is only a small fraction of the 
portfolio and idiosyncratic risk is de minimis. 


Recall that, for a given realization of the market factor, the asset 
returns of the various credits are independent standard normals. 
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Conditional default density function in the 
single-factor model. 


Both plots take 8 = 0.40. For a given correlation, the probability of default changes 


the location of the default distribution, but not its variance. 


That, in turn, means that we can apply the law of large numbers 
to the portfolio. For each level of the market factor, the loss 
level x(m), that is, the fraction of the portfolio that defaults, 
converges to the conditional probability that a single credit 
defaults, given for any credit by 


pm) = [=| 7.2) 


So we have 
lim xtm = ptm VYmeR 


The intuition is that, if we know the realization of the market 
factor return, we know the level of losses realized. This in turn 
means that, given the model's two parameters, the default prob- 
ability and correlation, portfolio returns are driven by the market 
factor. 


We are ultimately interested in the unconditional, not the condi- 
tional, distribution of credit losses. The unconditional probability 
of a particular loss level is equal to the probability that the the 
market factor return that leads to that loss level is realized. The 
procedure for finding the unconditional distribution is thus: 


1. Treat the loss level as a random variable X with realizations 
x. We don't simulate x, but rather work through the model 
analytically for each value of x between 0 (no loss) and 
1 (total loss). 


2. For each level of loss x, find the realization of the market 
factor at which, for a single credit, default has a probability 


equal to the stated loss level. The loss level and 
the market factor return are related by 


= 


J1—B? 


So we can solve for m, the market factor return 


x(m) = pm) = ® 


corresponding to a given loss level x: 
k —Bm 
1- p? 


p(X) = 


or 
k-ai pO 
B 


3. The probability of the loss level is equal to the 


m= 


probability of this market factor return. But by 

assumption, the market factor is a standard normal: 

k-41- B?@ (x) 
B 


4. Repeat this procedure for each loss level to obtain the 
probability distribution of X. 


PLX < x] = 0(m) = a| 


Another way of describing this procedure is: Set a loss level/con- 
ditional default probability x and solve the conditional cumula- 
tive default probability function, Equation (7.2), for m such that: 


k— Jl io BOC) 
B 


The loss distribution function is thus 


PLX < x] = e m =y! + = = 


m= 


Example 7.6 Loss Level and Market Level 


A loss of 0.01 or worse occurs when—converges to the event 
that—the argument of p(m) is at or below the value such that 
p(m) = 0.01. 
| k — Br 
pcm) = 001 = o| S 
\ y1 = B 


The value m at which this occurs is found by solving 


© '(001) = -233 = piim) = LPA 
j1 


yl- p" 


for m. This is nothing more than solving for the m that gives you 
a specific quantile of the standard normal distribution. 
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With a default probability 7 = 0.01 and correlation 

B? = 0.507 = 0.25, the solution is m = 0.6233. The prob- 
ability that the market factor ends up at —0.6233 or less is 
@(-0.6233) = 0.2665. 


As simple as the model is, we have several parameters to work 
with: 


e The probability of default m sets the unconditional expected 
value of defaults in the portfolio. 


e The correlation to the market 8? determines how spread 
out the defaults are over the range of the market factor. 
When the correlation is high, then, for any probability of 
default, defaults mount rapidly as business conditions dete- 
riorate. When the correlation is low, it takes an extremely bad 
economic scenario to push the probability of default high. 


To understand the impact of the correlation parameter, start 
with the extreme cases: 


e B— 1 (perfect correlation). Recall that we have con- 
structed a portfolio with no idiosyncratic risk. If the cor- 
relation to the market factor is close to unity, there are 
two possible outcomes. Either m = k, in which case nearly 
all the credits default, and the loss rate is equal to 1, or 
m > k, in which case almost none default, and the loss 
rate is equal to 0. 


e B— 0 (zero correlation). If there is no statistical relation- 
ship to the market factor, so idiosyncratic risk is nil, then 


the loss rate will very likely be very close to the default 
probability p. 


In less extreme cases, a higher correlation leads to a higher 
probability of either very few or very many defaults, and a lower 
probability of intermediate outcomes. 


Further Reading 


Lucas (1995) provides a definition of default correlation and an 
overview of its role in credit models. See also Hull and White 
(2001). 


Credit Suisse First Boston (2004) and Lehman Brothers (2003) 
are introductions by practitioners. Zhou (2001) presents an 
approach to modeling correlated defaults based on the Merton 
firm value, rather than the factor-model approach. 


The application of the single-factor model to credit portfolios 

is laid out in Finger (1999) and Vasicek (1991). Accessible intro- 
duction to copula theory are Frees and Valdez (1998) and in 
Klugman, Panjer, and Willmot (2008). The application to credit 
portfolio models and the equivalence to Gaussian CreditMetrics 
is presented in Li (2000). 


The correlated intensities approach to modeling credit portfolio 
risk, as well as other alternatives to the Gaussian single-factor 
approach presented here, are described in Schonbucher (2003), 
Chapter 10, and Lando (2004), Chapter 5. 
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Structured Cre 


Risk 


E Learning Objectives 


After completing this reading you should be able to: 


Describe common types of structured products. 


Describe tranching and the distribution of credit losses in 
a securitization. 


Describe a waterfall structure in a securitization. 


Identify the key participants in the securitization process 
and describe conflicts of interest that can arise in the 


process. 


Compute and evaluate one or two iterations of interim 
cashflows in a three-tiered securitization structure. 


Describe a simulation approach to calculating credit losses 
for different tranches in a securitization. 


t 


Explain how the default probabilities and default 
correlations affect the credit risk in a securitization. 


Explain how default sensitivities for tranches are 
measured. 


Describe risk factors that impact structured products. 


Define implied correlation and describe how it can be 
measured. 


Identify the motivations for using structured credit 
products. 


Excerpt is Chapter 9 of Financial Risk Management: Models, History, and Institutions, by Allan Malz. 
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This chapter focuses on a class of credit-risky securities called 
securitizations and structured credit products. These securities 
play an important role in contemporary finance, and had a major 
role in the subprime crisis of 2007 and after. These securities 
have been in existence for some time, and their issuance and 
trading volumes were quite large up until the onset of the crisis. 
They have also had a crucial impact on the development of the 
financial system, particularly on the formation of the market- 
based or “shadow banking system” of financial intermediation. 


In this chapter, we look at structured products in more detail, 
with the goal of understanding both the challenges they present 
to risk management by traders and investors, and their impact 
on the financial system before and during the crisis. These 
products are complex, so we'll employ an extended example 

to convey how they work. They are also issued in many varia- 
tions, so the example will differ from any extant structured 
product, but capture the key features that recur across all vari- 
ants. A grasp of structured credit products will also help readers 
understand the story of the growth of leverage in the financial 
system and its role in the subprime crisis. 


8.1 STRUCTURED CREDIT BASICS 


We begin by sketching the major types of securitizations and 
structured credit products, sometimes collectively called port- 
folio credit products. These are vehicles that create bonds or 
credit derivatives backed by a pool of loans or other claims. This 
broad definition can’t do justice to the bewildering variety of 
structured credit products, and the equally bewildering termi- 
nology associated with their construction. 


First, let’s put structured credit products into the context of 
other securities based on pooled loans. Not surprisingly, this 
hierarchy with respect to complexity of structure corresponds 
roughly to the historical development of structured products 
that we summarized: 


Covered bonds are issued mainly by European banks, mainly 
in Germany and Denmark. In a covered bond structure, 
mortgage loans are aggregated into a cover pool, by which 
a bond issue is secured. The cover pool stays on the bal- 
ance sheet of the bank, rather than being sold off-balance- 
sheet, but is segregated from other assets of the bank in the 
event the bank defaults. The pool assets would be used to 
make the covered bond owners whole before they could be 
applied to repay general creditors of the bank. Because the 
underlying assets remain on the issuer's balance sheet, cov- 
ered bonds are not considered full-fledged securitizations. 
Also, the principal and interest on the secured bond issue are 
paid out of the general cash flows of the issuer, rather than 


out of the cash flows generated by the cover pool. Finally, 
apart from the security of the cover pool, the covered bonds 
are backed by the issuer's obligation to pay. 


Mortgage pass-through securities are true securitizations 

or structured products, since the cash flows paid out by the 
bonds, and the credit risk to which they are exposed, are 
more completely dependent on the cash flows and credit risks 
generated by the pool of underlying loans. Mortgage pass- 
throughs are backed by a pool of mortgage loans, removed 
from the mortgage originators’ balance sheets, and admin- 
istered by a servicer, who collects principal and interest from 
the underlying loans and distributes them to the bondholders. 
Most pass-throughs are agency MBS, issued under an explicit 
or implicit U.S. federal guarantee of the performance of the 
underlying loans, so there is little default risk. But the princi- 
pal and interest on the bonds are “passed through” from the 
loans, so the cash flows depend not only on amortization, but 
also voluntary prepayments by the mortgagor. The bonds are 
repaid slowly over time, but at an uncertain pace, in contrast to 
bullet bonds, which receive full repayment of principal on one 
date. Bondholders are therefore exposed to prepayment risk. 


Collateralized mortgage obligations were developed partly 
as a means of coping with prepayment risk, but also as a 
way to create both longer- and shorter-term bonds out of 

a pool of mortgage loans. Such loans amortize over time, 
creating cash flow streams that diminish over time. CMOs 
are “sliced,” or tranched into bonds or tranches, that are 
paid down on a specified schedule. The simplest structure is 
sequential pay, in which the tranches are ordered, with “Class 
A" receiving all principal repayments from the loan until it 

is retired, then “Class B,” and so on. The higher tranches in 
the sequence have less prepayment risk than a pass-through, 
while the lower ones bear more. 


Structured credit products introduce one more innovation, 
namely the sequential distribution of credit losses. Struc- 
tured products are backed by credit-risky loans or bonds. 
The tranching focuses on creating bonds that have different 
degrees of credit risk. As losses occur, the tranches are grad- 
ually written down. Junior tranches are written down first, 
and more senior tranches only begin to bear credit losses 
once the junior tranches have been written down to zero. 


This basic credit tranching feature can be combined with 
other features to create, in some cases, extremely complex 
security structures. The bottom-up treatment of credit losses 
can be combined with the sequential payment technology 
introduced with CMOs. Cash flows and credit risk arising 
from certain constituents of the underlying asset pool may be 
directed to specific bonds. 
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Securitization is one approach to financing pools of loans 

and other receivables developed over the past two decades. 
An important alternative and complement to securitization 

are entities set up to issue asset-backed commercial paper 
(ABCP) against the receivables, or against securitization bonds 
themselves. 


A structured product can be thought of as a “robot” corporate 
entity with a balance sheet, but no other business. In fact, struc- 
tured products are usually set up as special purpose entities 
(SPE) or vehicles (SPV), also known as a trust. This arrangement 
is intended to legally separate the assets and liabilities of the 
structured product from those of the original creditors and of 
the company that manages the payments. That is, it makes the 
SPE bankruptcy remote. This permits investors to focus on the 
credit quality of the loans themselves rather than that of the 
original lenders in assessing the credit quality of the securitiza- 
tion. The underlying debt instruments in the SPV are the robot 
entity's assets, and the structured credit products built on it are 
its liabilities. 


Securitizations are, depending on the type of underlying assets, 
often generically called asset- (ABS) or mortgage-backed 
securities (MBS), or collateralized loan obligations (CLOs). 
Securitizations that repackage other securitizations are called 
collateralized debt obligations (CDOs, issuing bonds against 

a collateral pool consisting of ABS, MBS, or CLOs), collateral- 
ized mortgage obligations (CMOs), or collateralized bond 
obligations (CBOs). There even exist third-level securitizations, 
in which the collateral pool consists of CDO liabilities, which 
themselves consist of bonds backed by a collateral pool, called 
CDO-squareds. 


There are several other dimensions along which we can classify 
the great variety of structured credit products: 


Underlying asset classes. Every structured product is based 
on a set of underlying loans, receivables, or other claims. If 
you drill down far enough into a structured product, you will 
get to a set of relatively conventional debt instruments that 
constitute the collateral or loan pool. The collateral is typi- 
cally composed of residential or commercial real estate loans, 
consumer debt such as credit cards balances and auto and 
student loans, and corporate bonds. But many other types of 
debt, and even nondebt assets such as recurring fee income, 
can also be packaged into securitizations. The credit qual- 

ity and prepayment behavior of the underlying risks is, of 
course, critical in assessing the risks of the structured prod- 
ucts built upon them. 


Type of structure. Structured products are tools for redi- 
recting the cash flows and credit losses generated by the 


underlying debt instruments. The latter each make contrac- 
tually stipulated coupon or other payments. But rather than 
being made directly to debt holders, they are split up and 
channeled to the structured products in specified ways. A 
key dimension is tranching, the number and size of the bonds 
carved out of the liability side of the securitization. Another 
is how many levels of securitization are involved, that is, 
whether the collateral pool consists entirely of loans or liabili- 
ties of other securitizations. 


How much the pool changes over time. We can distinguish 
here among three different approaches, tending to coincide 
with asset class. Each type of pool has its own risk manage- 
ment challenges: 


Static pools are amortizing pools in which a fixed set 

of loans is placed in the trust. As the loans amortize, 

are repaid, or default, the deal, and the bonds it issues, 
gradually wind down. Static pools are common for such 
asset types as auto loans and residential mortgages, which 
generally themselves have a fixed and relatively long term 
at origination but pay down over time. 


Revolving pools specify an overall level of assets that is 

to be maintained during a revolving period. As underly- 
ing loans are repaid, the size of the pool is maintained by 
introducing additional loans from the balance sheet of the 
originator. Revolving pools are common for bonds backed 
by credit card debt, which is not issued in a fixed amount, 
but can within limits be drawn upon and repaid by the 
borrower at his own discretion and without notification. 
Once the revolving period ends, the loan pool becomes 
fixed, and the deal winds down gradually as debts are 
repaid or become delinquent and are charged off. 


Managed pools are pools in which the manager of the 
structured product has discretion to remove individual 
loans from the pool, sell them, and replace them with 
others. Managed pools have typically been seen in CLOs. 
Managers of CLOs are hired in part for skill in identifying 
loans with higher spreads than warranted by their credit 
quality. They can, in theory, also see credit problems aris- 
ing at an early stage, and trade out of loans they believe 
are more likely to default. There is a secondary market for 
syndicated loans that permits them to do so, at least in 
many cases. Also, syndicated loans are typically repaid in 
lump sum, well ahead of their legal final maturity, but with 
random timing, so a managed pool permits the manager 
to maintain the level of assets in the pool. 


The number of debt instruments in pools depends on asset type 
and on the size of the securitization; some, for example CLO 
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and commercial mortgage-backed securities (CMBS) pools, may 
contain around 100 different loans, each with an initial par value 
of several million dollars, while a large residential mortgage- 
backed security (RMBS) may have several tens of thousands 


of mortgage loans in its pool, with an average loan amount of 


$200,000. 


The assets of some structured products are not cash debt instru- 
ments, but rather credit derivatives, most frequently CDS. These 
are called synthetic securitizations, in contrast to cash or cash- 
flow securitizations. The set of underlying cash debt instruments 
on which a synthetic securitization is based generally consists of 
securitization liabilities rather than loans, and is called the refer- 
ence portfolio. 


Each structured product is defined by the cash flows thrown 
off by assets and the way they are distributed to the liabilities. 
Next, we examine the mechanisms by which they are distrib- 
uted: the capital structure or tranching, the waterfall, and 
overcollateralization. 


Capital Structure and Credit Losses 
in a Securitization 


Tranching refers to how the liabilities of the securitization SPV 
are split into a capital structure. Each type of bond or note 
within the capital structure has its own coupon or spread, and 
depending on its place in the capital structure, its own prior- 
ity or seniority with respect to losses. The general principle of 
tranching is that more senior tranches have priority, or the first 
right, to payments of principal and interest, while more junior 
tranches must be written down first when credit losses occur in 
the collateral pool. There may be many dozen, or only a small 
handful of tranches in a securitization, but they can be catego- 
rized into three groups: 


Equity. The equity tranche is so called because it typically 
receives no fixed coupon payment, but is fully exposed to 
defaults in the collateral pool. It takes the form of a note with 
a specified notional value that is entitled to the residual cash 
flows after all the other obligations of the SPE have been 
satisfied. The notional value is typically small compared to the 
market value of the collateral; that is, it is a “thin” tranche. 


Junior debt earns a relatively high fixed coupon or spread, but 
if the equity tranche is exhausted by defaults in the collateral 
pool, it is next in line to suffer default losses. Junior bonds are 
also called mezzanine tranches and are typically also thin. 


Senior debt earns a relatively low fixed coupon or spread, 
but is protected by both the equity and mezzanine tranches 
from default losses. Senior bonds are typically the bulk of 
the liabilities in a securitization. This is a crucial feature of 


securitization economics, as we will see later. If the underlying 
collateral cannot be financed primarily by low-yielding senior 
debt, a securitization is generally not viable. 


The capital structure is sometimes called the “capital stack,” 
with senior bonds at the “top of the stack.” Most securitizations 
also feature securities with different maturities but the same 
seniority, a technique similar to sequential-pay CMOs for coping 
with variation in the term to maturity and prepayment behavior 
of the underlying loans, while catering to the desire of different 
investors for bonds with different durations. 


The example of the next few sections of this chapter features 
three tranches, a simple structure that can be summarized in this 
balance sheet: 


Assets Liabilities 

Underlying debt instruments Equity 
Mezzanine debt 
Senior debt 


The boundary between two tranches, expressed as a percent- 
age of the total of the liabilities, is called the attachment point 
of the more senior tranche and detachment point of the more 
junior tranche. The equity tranche only has a detachment point, 
and the most senior only has an attachment point. 


The part of the capital structure below a bond tranche is called 
its subordination or credit enhancement. It is the fraction of the 
collateral pool that must be lost before the bond takes any loss. 
It is greater for more senior bonds in the structure. The credit 
enhancement may decline over time as the collateral experi- 
ences default losses, or increase as excess spread, the interest 
from the collateral that is not paid out to the liabilities or as fees 
and expenses, accumulates in the trust. 


A securitization can be thought of as a mechanism for securing 
long-term financing for the collateral pool. To create this mecha- 
nism, the senior tranche must be a large portion of the capital 
structure, and it must have a low coupon compared to the col- 
lateral pool. In order to create such a liability, its credit risk must 
be low enough that it can be marketed. To this end, additional 
features can be introduced into the cash flow structure. The 
most important is overcollateralization; that is, selling a par 
amount of bonds that is smaller than the par amount of underly- 
ing collateral. Overcollateralization provides credit enhancement 
for all of the bond tranches of a securitization. 


There are typically reserves within the capital structure that 
must be filled and kept at certain levels before junior and 
equity notes can receive money. These reserves can be filled 
from two sources: gradually, from the excess spread, or quickly 


via overcollateralization. These approaches are often used in 
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combination. The latter is sometimes called hard credit enhance- 
ment, in contrast to the soft credit enhancement of excess 
spread, which accrues gradually over time and is not present 

at initiation of the securitization. Deals with revolving pools 
generally have an early amortization trigger that terminates the 
replenishment of the pool with fresh debt if a default trigger is 
breached. 


Typically, the collateral pool contains assets with different matur- 
ities, or that amortize over time. Loan maturities are uncertain 
because the loans can be prepaid prior to maturity, possibly 
after an initial lockout period has elapsed. The senior liabilities 
in particular are therefore generally amortized over time as the 
underlying loans amortize or mature; while they may have legal 
final maturity dates that are quite far in the future, their dura- 
tions are uncertain and much shorter. Risk analysis therefore 
generally focuses on the weighted average life (WAL) of a secu- 
ritization, the weighted average of the number of years each 
dollar of par value of the bond will remain outstanding before 
it is repaid or amortized. A WAL is associated with a particular 
prepayment assumption, and standard assumptions are set for 
some asset classes by convention. 


As noted above, the sequential-pay technology can be com- 
bined with credit tranching in securitizations. This creates 
multiple senior bonds with different WALs, to better adapt the 
maturity structure of the liabilities to that of the collateral pool. 
This feature is called time tranching to distinguish it from the 
seniority tranching related to credit priority in the capital struc- 
ture. The example presented in the rest of this chapter abstracts 
from this important feature. Thus, in addition to the credit risk 
that is the focus of this chapter, securitizations also pose pre- 
payment and extension risk arising from loans either prepaying 
faster or slower than anticipated, or being extended past their 
maturity in response to financial distress. 


In any securitization, there is a possibility that at the maturity 
date, even if the coupons have been paid timely all along, 
there may not be enough principal left in the collateral pool to 
redeem the junior and/or senior debt at par unless loans can be 
refinanced. The bonds are therefore exposed to the refinanc- 
ing risk of the loans in the collateral pool. If some principal cash 
flows are paid out to the equity note along the way, refinancing 
risk is greater. Time tranching of the senior bonds, and their 
gradual retirement through amortization, is one way securitiza- 
tions cope with this risk. 


The tranche structure of a securitization leads to a somewhat 
different definition of a default event from that pertaining to 
individual, corporate, and sovereign debt. Losses to the bonds 
in securitizations are determined by losses in the collateral pool 


together with the waterfall. Losses may be severe enough to 


cause some credit loss to a bond, but only a small one. For 
example, if a senior ABS bond has 20 percent credit enhance- 
ment, and the collateral pool has credit losses of 21 percent, 

the credit loss or writedown to the bond will be approximately 
1/100220 or 1.25 percent, since the bond is 80 percent of the 
balance sheet of the trust. The LGD of a securitization can there- 
fore take on a very wide range, and is driven by the realization 
of defaults and recoveries in the collateral pool. 


For a corporate or sovereign bond, default is a binary event; if 
interest and/or principal cannot be paid, bankruptcy or restruc- 
turing ensues. Corporate debt typically has a “hard” maturity 
date, while securitizations have a distant maturity date that 

is rarely the occasion for a default. For these reasons, default 
events in securitizations are often referred to as material impair- 
ment to distinguish them from defaults. A common definition of 
material impairment is either missed interest payments that go 
uncured for more than a few months, or a deterioration of col- 
lateral pool performance so severe that interest or principal pay- 
ments are likely to stop in the future. 


Waterfall 


The waterfall refers to the rules about how the cash flows from 
the collateral are distributed to the various securities in the 
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capital structure. The term “waterfall” arose because generally 
the capital structure is paid in sequence, “top down,” with the 
senior debt receiving all of its promised payments before any 
lower tranche receives any monies. In addition to the coupons 
and other payments promised to the bonds, there are fees 
and other costs to be paid, which typically take priority over 


coupons. 


A typical structured credit product begins life with a certain 
amount of hard overcollateralization, since part of the capital 
structure is an equity note, and the debt tranches are less than 
100 percent of the deal. Soft overcollateralization mechanisms 
may begin to pay down the senior debt over time with part of 
the collateral pool interest, or divert part of it into a reserve that 
provides additional credit enhancement for the senior tranches. 
That way, additional credit enhancement is built up at the 
beginning of the life of the product, when collateral cash flows 
are strongest. Typically, there is a detailed set of overcollater- 
alization triggers that state the conditions under which excess 
spread is to be diverted into various reserves. 


To clarify these concepts and introduce a few more, let's 
develop our simple example. Imagine a CLO, the underlying 
assets of which are 100 identical leveraged loans, with a par 
value of $1,000,000 each, and priced at par. The loans are float- 
ing rate obligations that pay a fixed spread of 3.5 percent over 


Chapter 8 Structured Credit Risk HM 163 


one-month Libor. We'll assume there are no upfront, manage- 
ment, or trustee fees. The capital structure consists of equity, 
and a junior and a senior bond, as displayed in this schematic 
balance sheet: 
Assets Liabilities 

Equity note $5 million 
Mezzanine debt $10 million 
coupon: Libor+500 bps 


Underlying 
debt instruments: 


$100 million 
coupon: L+350 bps 


Senior debt $85 million 
coupon: Libor+50 bps 


For the mezzanine debt in our example, the initial credit 
enhancement is equal to the initial size of the equity tranche. 
For the senior bond, it is equal to the sum of the equity and 
mezzanine tranches. There is initially no overcollateralization. 


The junior bond has a much wider spread than that of the 
senior, and much less credit enhancement; the mezzanine 
attachment point is 5 percent, and the senior attachment point 
is 15 percent. We assume that, at these prices, the bonds will 
price at par when they are issued. In the further development 
of this example, we will explore the risk analysis that a potential 
investor might consider undertaking. The weighted average 
spread on the debt tranches is 97.4 basis points. 


The loans in the collateral pool and the liabilities are assumed to 
have a maturity of five years. All coupons and loan interest pay- 
ments are annual, and occur at year-end. 


We assume the swap curve (“Libor”) is flat at 5 percent. If there 
are no defaults in the collateral pool, the annual cash flows are 


Libor+ x Principal = Annual 
spread amount interest 

Collateral (0.050 + x 100,000,000 = $8,500,000 
0.0350) 

Mezzanine (0.050 + x 10,000,000 = $1,000,000 
0.0500) 

Senior (0.050 + x 85,000,000 = $4,675,000 
0.0050) 


The excess spread if there are no defaults, the difference 
between the collateral cash flows coming into the trust and the 
tranche coupon payments flowing out, is $2,825,000. 


The assumption that all the loans and bonds have precisely the 
same maturity date is a great simplification in several respects. 
Although one of the major motivations of securitization is to 
obtain term financing of a pool of underlying loans, such perfect 
maturity matching is unusual in constructing a securitization. The 
problem of maturity transformation in financial markets is perva- 
sive and important. 


The example so far has assumed no defaults. Of course, there 
may well be at least some defaults in a pool of 100 loans, even 
in a benign economic environment. If defaults occur at a con- 
stant rate, and defaulted collateral is not replaced, the annual 
number of defaults will fall over time as the pool shrinks due to 
defaults that have already occurred. The cumulative number of 
defaults will grow at a progressively slower rate. Suppose, for 
example, the default rate is expected to be 5 percent annually. 
The number of defaults in a pool of 100 loans is then likely to 
be an integer close to 5. After four years, if only 80 loans are 
still performing and we still expect 5 percent to default, the 
expected number of defaults is 4. 


Regardless of whether the default rate is constant, default losses 
accumulate, so for any default rate, cash flows from any col- 
lateral pool will be larger early in the life of a structured credit 
product, from interest and amortization of surviving loans and 


recovery from defaulted loans, than later. 


The example also illustrates a crucial characteristic of securitiza- 
tions: the timing of defaults has an enormous influence on the 
returns to different tranches. If the timing of defaults is uneven, 
the risk of inadequate principal at the end may be enhanced 

or dampened. If defaults are accelerating, the risk to the bond 
tranches will increase, and vice versa. Other things being equal, 
the equity tranche benefits relative to more senior debt tranches 
if defaults occur later in the life of the structured product deal. 


Issuance Process 


The process of creating a securitized credit product is best 
explained by describing some of the players in the cast of char- 
acters that bring it to market. As we do so, we note some of 
the conflicts of interest that pose risk management problems to 
investors. 


The loan originator is the original lender who creates the debt 
obligations in the collateral pool. This is often a bank, for 
example, when the underlying collateral consists of bank loans 
or credit card receivables. But it can also be a specialty finance 
company or mortgage lender. If most of the loans have been 
originated by a single intermediary, the originator may be called 
the sponsor or seller. 


The underwriter or arranger is often, but not always, a large 
financial intermediary. Typically, the underwriter aggregates 
the underlying loans, designs the securitization structure and 


markets the liabilities. In this capacity, the underwriter is also 
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the issuer of the securities. A somewhat technical legal term, 
depositor, is also used to describe the issuer. 


During this aggregation phase, the underwriter bears warehous- 
ing risk, the risk that the deal will not be completed and the 
value of the accumulated collateral still on its balance sheet 
falls. Warehousing risk became important in the early days of 
the subprime crisis, as the market grew aware of the volumes of 
“hung loans” on intermediaries’ balance sheets. Underwriting in 
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the narrow sense is a “classical” broker-dealer function, namely, 
to hold the finished securitization liabilities until investors pur- 
chase them, and to take the risk that not all the securities can 


be sold at par. 


Rating agencies are engaged to assess the credit quality of the 
liabilities and assign ratings to them. An important part of this 
process is determining attachment points and credit subordina- 
tion. In contrast to corporate bonds, in which rating agencies 
opine on creditworthiness, but have little influence over it, rat- 
ings of securitizations involve the agencies in decisions about 
structure. 


Rating agencies are typically compensated by issuers, creat- 

ing a potential conflict of interest between their desire to gain 
rating assignments and expand their business, and their duty 

to provide an objective assessment. The potential conflict is 
exacerbated by the rating agencies’ inherent role in determining 
the structure. The rating agency may tell the issuer how much 
enhancement is required, given the composition of the pool and 
other features of the deal, to gain an investment-grade rating 
for the top of the capital stack. These seniormost bonds have 
lower spreads and a wider investor audience, and are therefore 
uniquely important in the economics of securitizations. Or the 
issuer may guess at what the rating agency will require before 
submitting the deal to the agency for review. Either way, the 
rating agency has an incentive to require less enhancement, 
permitting the issuer to create a larger set of investment-grade 
tranches. Investors can cope with the potential conflict by either 
demanding a wider spread or carrying out their own credit 
review of the deal. 


Ratings may be based solely on the credit quality of the pool 
and the liability structure. In many cases, however, bonds have 
higher ratings because of the provision of a guarantee, or wrap, 
by a third party. These guarantees are typically provided by 
monoline insurance companies. Monolines have high corporate 
ratings of their own and ample capital, and can use these to 
earn guarantee fees. Such guarantees were quite common until 
the subprime crisis caused large losses and widespread down- 
grades among monoline insurers. 


The servicer collects principal and interest from the loans in the 
collateral pool and disburses principal and interest to the liability 
holders, as well as fees to the underwriter and itself. The ser- 
vicer may be called upon to make advances to the securitization 
liabilities if loans in the trust are in arrears. Servicers may also be 
tasked with managing underlying loans in distress, determining, 
for example, whether they should be resolved by extending or 
refinancing the loan, or by foreclosing. Servicers are thereby 
often involved in conflicts of interest between themselves and 
bondholders, or between different classes of bondholders. 


One example arises in CMBS. If one distressed loan is resolved 
by foreclosure, the senior bonds are unlikely to suffer a credit 
writedown, but rather will receive an earlier-than-anticipated 
repayment of principal, even if the property is sold at a loss. The 
junior bond, however, may suffer an immediate credit writedown. 
If, in contrast, the loan is extended, the junior bond avoids the 
immediate loss, and has at least a small positive probability of a 
recovery of value. The senior bond, in contrast, faces the risk that 
the loss on the property will be even greater, eroding the credit 
enhancement and increasing the riskiness of the bond. The ser- 
vicer is obliged to maximize the total present value of the loan, 
but no matter what he does, he will take an action that is better 
aligned with the interests of some bonds than of others. 


Managers of actively managed loan pools may also be involved 
in conflicts of interest. As is the case with bankers, investors 
delegate the task of monitoring the credit quality of pools to 
the managers, and require mechanisms to align incentives. One 
such mechanism that has been applied to managed as well as 
static pools is to require the manager to own a first-loss portion 
of the deal. This mechanism has been enshrined in the Dodd- 
Frank Act changes to financial regulatory policy. Such conflicts 
can be more severe for asset types, especially mortgages, in 
which servicing is not necessarily carried out by the loan origina- 
tor. Third-party servicing also adds an entity whose soundness 
must be verified by investors in the bonds. 


Among the economically minor players are the trustee and 
custodian, who are tasked with keeping records, verifying docu- 
mentation, and moving cash flows among deal accounts and 
paying noteholders. 


8.2 CREDIT SCENARIO ANALYSIS 
OF A SECURITIZATION 


The next step in understanding how a securitization works is to 
put together the various elements we've just defined—collat- 
eral, the liability structure, and the waterfall—and see how the 
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cash flows behave over time and in different default scenarios. 
We'll continue to use our three-tranche example to lay these 
issues out. We'll do this in two parts, first analyzing the cash 
flows prior to maturity, and then the cash flows in the final year 


of the illustrative securitization’'s life, which are very different. 


Let’s take as a base assumption an annual expected default rate 
of 2 percent. As we will see, the securitization is “designed” 

for that default rate, in the sense that if defaults prove to be 
much higher, the bond tranches may experience credit losses. 

If the default rate proves much lower, the equity tranche will be 
extremely valuable, and probably more valuable than the market 
requires to coax investors to hold the position at par. 


Tracking the Interim Cash Flows 


Let’s introduce a simple overcollateralization mechanism into 
our example. Instead of letting all the excess spread flow to the 
equity note, we divert up to $1,750,000 per year to a reserve 
account, which we will call the “overcollateralization account,” 
where it will earn the financing/money market rate of 5 percent. 
This is a bit of a misnomer, since the funds in the account repre- 
sent soft rather than hard credit enhancement. If excess spread 
is less than $1,750,000, that smaller amount is diverted to the 
overcollateralization account. If excess spread is greater than 
$1,750,000, the amount that exceeds $1,750,000 is paid out to 
the equity. 


The funds in the overcollateralization account will be used to 
pay interest on the bonds if there is not enough interest flow- 
ing from the loans in the collateral pool during that period. Any 
remaining funds in the account will be released to the equity 
tranche only at maturity. It is not a robust mechanism for pro- 
tecting the senior bonds, but at least has the virtue that, unless 
defaults are very high early in the deal'’s life, the overcollateral- 
ization account is likely to accumulate funds while cumulative 
defaults are low. 


We assume that the loans in the collateral pay no interest if 
they have defaulted any time during the prior year. There is no 
partial interest; interest is paid at the end of the year by surviv- 
ing loans only. 


We also have to make an assumption about recovery value if a 
loan defaults. We will assume that in the event of default, the 
recovery rate is 40 percent, and that the recovery amount is paid 
into the overcollateralization account, where it is also invested at 
the financing/money market rate. We have to treat recovery this 
way in order to protect the senior bond; if the recovery amounts 
flowed through the waterfall, the equity would perversely 


benefit from defaults. In a typical real-world securitization, the 
recovery would flow to the senior bonds, and eventually the 
mezzanine bond tranche, until they are paid off. Time-tranching 
would endeavor to have recoveries that occur early in the life 

of the deal flow to short-duration bonds and later recoveries to 
long-duration bonds. To keep our example simple, we “escrow” 
the recovery and defer writedowns until the maturity of the 
securitization. 


We need some notation to help us track cash flows in more 
detail for different default scenarios. We'll assign these symbols 
to the cash flows and account values: 


N — Number of loans in initial collateral pool; here N = 100 
d; | Number of defaults in the course of year t 


L, | Aggregate loan interest received by the trust at the 
end of year t 


B Bond coupon interest due to both the junior and senior 
bonds (a constant for all t; here $5,675,000). 


K Maximum amount diverted annually from excess spread 
into the overcollateralization account; here $1,750,000 


OC, Amount actually diverted from excess spread into the 
overcollateralization account at the end of year t 


R, | Recovery amount deposited into the overcollateraliza- 
tion account at the end of year t 


r Money market or swap rate, assumed to be constant 
over time and for all maturities; here r = 0.05 


Once we take defaults into account, the loan interest flowing 
from the surviving collateral at the end of year tis 


L= (0.050 + 0.035) x 'N-So Jx 1000000 alea] 
~X t=1 

Let's tabulate the interim cash flows for three scenarios, with 

default rates of 1.5, 5.25, and 9.0 percent annually. As noted, 

the cash flows during the first four years of our five-year securiti- 

zation are different from the terminal cash flows, so we tabulate 


them separately a bit further on. 


Interest equal to $5,675,000 is due to the bondholders. The 
excess spread is L, — B. The excess spread will turn negative 
if defaults have been high. In that case, bond interest can't be 
paid out of the collateral cash flow, but must come in whole or 
in part out of the overcollateralization account. 


The amount diverted from the excess spread to the overcollater- 
alization account is 


maxi mlatl = 2); U] CS ane, 
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If the excess spread is negative, any bond interest shortfall will 
be paid out of the overcollateralization account. Also, additional 
funds equal to 


R, = 0.4d, X 1,000,000 t=1,...,T-1 
will flow into the overcollateralization account from default 
recovery. Thus the value of the overcollateralization account at 
the end of year t, including the cash flows from recovery and 
interest paid on the value of the account at the end of the prior 
year, is 


t-1 
ROCES (eat) Oa a 1... 
tal 
This value is not fully determined until we know OC,. And as 
simple as this securitization structure is, there are a few tests 
that the custodian must go through to determine the overcol- 
lateralization cash flow. These rules can be thought of as a 
two-step decision tree, each step having two branches. The 
test is carried out at the end of each year. In the first step, the 
custodian tests whether the excess spread is positive; that is, is 
LB Oe 


e IfL, — B = 0, the next test determines whether the excess 
spread is great enough to cover K; that is, is LL— B = K? 


e If L,— B= K, then K flows into the overcollateralization 
account, and there may be some excess spread left over 
for the equity, unless L, — B = K. 

e ifl,—B: 
into the overcollateralization account, and there is no 


K, then the entire amount L, ~ B flows 
excess spread left over for the equity. If L — B = 0, then 
there is exactly enough excess spread to cover bond 
payments and nothing flows into the overcollateralization 
account. 


e Ifthe excess spread is negative (L, — B < 0), the custodian 
tests whether there are enough funds in the overcollater- 
alization account, plus proceeds from recovery on defaults 
over the past year, to cover the shortfall. The funds in the 
overcollateralization account from prior years amount to 
2-11 + OC and current year recoveries are R, so the 
test is 


Yd+tn'0C +R 28-4 
T=1 
e Ifthe shortfall can be covered, then the entire amount B — L, 
flows out of the overcollateralization account. 
e lf not, that is, if 


Vden'OC +R <B-4, 


t= 


then ££ (1 + r)"OC_ + R, flows out of the overcollateraliza- 
tion account, leaving it entirely depleted. 


The amount to be diverted can be written 


jL = Bi 


min(L, — B, K) l | 
OC L <B) 


i |max, -8E +r toc +R] O 
Once we know how much excess spread, if any, flows into the 
overcollateralization account at the end of year t, we can deter- 
mine how much cash flows to the equity noteholders at the end 
of year t. The equity cash flow is 


axe BO; o 


Obviously, there is no cash flow to the equity prior to maturity 


unless there is positive excess spread. 


The results for our example can be presented in a cash flow 
table, presented as Table 8.1, that shows the cash flows in 
detail, as specified by the waterfall, in each period. There is a 
panel in the cash flow table for each default scenario. 


We can now summarize the results. The excess spread declines 
over time in all scenarios as defaults pile up, as one would 

expect. For the high-default scenarios, the loan interest in later 
years is not sufficient to cover the bond interest and the excess 


spread turns negative. 


The overcollateralization amount is capped at $1,750,000, and 
when the default rate is 2.0 percent that amount can be paid 
into the overcollateralization account in full every year. For 
higher default rates, the cap kicks in early on. For the highest 
default rate, in which the excess spread in the later years turns 
negative, not only is no additional overcollateralization diverted 
away from the equity, but rather funds must be paid out of the 
overcollateralization account to cover the bond interest. 


The most dramatic differences between the default scenarios 
are in the equity cash flows, the last cash flows to be deter- 
mined. For the lowest default rate, the equity continues to 
receive at least some cash almost throughout the life of the 
securitization. In the higher default scenarios, interim cash flows 
to the equity terminate much earlier. 


Because the recovery amounts are held back rather than used 
to partially redeem the bonds prior to maturity, and because, in 
addition, even in a very high default scenario, there are enough 
funds available to pay the coupons on the bond tranches, the 
bonds cannot “break” before maturity. In real-world securitiza- 
tions, trust agreements are written so that in an extreme sce- 
nario, the securitization can be unwound early, thus protecting 
the bond tranches from further loss. 
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1F)°)(-:mm Interim Cash Flow Table for the CLO 


(1) (2) | (3) (4) (5) (6) 


Loan int 


Exc spr 


(7) (8) 
OC Recov 


(?) (10) 


OC + Recov Eq flow 


(11) (12) 


Results OC a/c 


6,205,000 


1 7,650,000 
2 6,885,000 
3 6,205,000 
4 5,610,000 


Key to columns: 
(1) Year index 
2) Number of defaults during year t 
) Cumulative number of defaults X<-1 d, at the end of year t 
) Number of surviving loans N — Lr=1 d, at the end of year t 
Loan interest 
Excess spread 
Overcollateralization increment 
Recovery amount R, 
Aggregate flow into overcollateralization account OC, + R, 


( 
( 
( 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) Interim cash flow to the equity at the end of year t. 
(11 
(12 


3 
4 
5 
6 
7 
8 
9 
1 
1 
1 


) The value of the overcollateralization account at time t. 


Default rate 2.0 percent 


Default rate 7.5 percent 


Default rate 10.0 percent 


) Results of a test to see if interest on the bonds can be paid in full at the end of year t. 


4 | 96 | 8,160,000 | 2,485,000 | 1,750,000 | 800,000 | 2,550,000 | 735,000 | Y | 
é | 94 | 7,990,000 | 2315000 | 1,750,000 | 800,000 | 2,550,000 | 565,000 | y | 
8 | 92 | 7,820,000 | 2,145,000 | 1.750000 | 800,000 | 2,550,000 | 395,000 | v | 
a 


1,975,000 1,750,000 4,000,000 5,750,000 225,000 
1,210,000 1,210,000 3,600,000 4,810,000 


530,000 530,000 | 3,200,000 | 3730000 | oo | 
-65,000 -65,000 | 2,800,000 | 2,735,000 | o | 


2,550,000 
5227500 
8,038,875 
10,990,819 


4,950,000 
9,547,500 
13,464,875 
17,068,119 


5,750,000 
10,847,500 
1S, lil. 87 5 
18,610,869 


Tracking the Final-Year Cash Flows 


To complete the cash flow analysis, we need to examine the 
final-year payment streams. Our securitization has an anticipated 
maturity of five years, and we have tabulated cash flows for the 
first four. Next, we examine the terminal, year 5, cash flows. 
There are four sources of funds at the end of year 5: 


1. Loan interest from the surviving loans paid at the end of 
year 5, equal to 


3 
|n =e | x (0.05 + 0.035) x 1,000,000 
t=1 


2. Proceeds from redemptions at par of the surviving loans: 


t 
1 


: 
(~ =% q ) x 1,000,000 
t= 


3. The recovery from loans defaulting in year 5: 
R, = 0.4 x d, x 1,000,000 


4. The value of the overcollateralization account at the end of 
year 5, equal to 1 + r times the value displayed, for each 
default rate, in the last row of the last column of Table 8.1: 


SAFN OC 


There is no longer any need to divert funds to overcollateraliza- 
tion, so all funds are to be used to pay the final coupon and 
redemption proceeds to the bondholders, in order of priority 
and to the extent possible. There is also no longer any need to 
carry out an overcollateralization test. 


Next, we add all the terminal cash flows and compare their sum 
with the amount due to the bondholders. If too many loans have 
defaulted, then one or both bonds may not receive its stipulated 
final payments in full. The terminal available funds are: 


T-1 T j 
F= >. cp) OG t (N = $., 1085 + 04d, | X 1,000,000 
t=) | 


If this amount is greater than the $100,675,000 due to the bond- 
holders, the equity note receives a final payment. If it is less, at 
least one of the bonds will default. The custodian therefore must 
perform a sequence of two shortfall tests. The first tests if the 
senior note can be paid in full: 
l- 

F{=|29,675,000 
If this test is passed, the senior bond is money good. If not, we 
subtract the shortfall from its par value. The senior bond value 


then experiences a credit loss or writedown of $89,675,000 — F. 
We can express the loss as max(89,675,000 — F, 0). 


Since the senior bond must be paid first, the default test for the 
junior bond is 


p= 89,675,000 =}1,000,000 


which is the amount due the mezzanine note holders. 
If there is a shortfall, the credit loss of the mezzanine is 
max[11,000,000 — (F — 89,675,000),0]. 


The credit risk to the bonds is of a shortfall of interest and, 
potentially, even principal. What about the equity? The equity 

is not “owed” anything, so is there a meaningful measure of its 
credit risk? One approach is to compute the equity tranche’s 
internal rate of return (IRR) in different scenarios. Credit losses in 
excess of expectations will bring the rate of return down, pos- 
sibly below zero, if not even the par value the equity investor 
advanced is recovered over time. The equity investor will typi- 
cally have a target rate of return, or hurdle rate, representing an 
appropriate compensation for risk, given the possible alterna- 
tive uses of capital. Even if the rate of return is non-negative, it 
may fall below this hurdle rate and represent a loss. We could 
use a posited hurdle rate to discount cash flows and arrive at an 
equity dollar price. While the results would be somewhat depen- 
dent on the choice of hurdle rate, we can speak of the equity's 
value more or less interchangeably in terms of price or IRR. 


To compute the equity IRR, we first need to assemble all the 
cash flows to the equity tranche. The initial outlay for the equity 
tranche is $5,000,000. If the equity tranche owner is both 

the originator of the underlying loans and the sponsor of the 
securitization, this amount represents the difference between 
the amount lent and the amount funded at term via the bond 
tranches. If the equity tranche owner is a different party, we 
assume that party bought the equity “at par.” Recall that we've 
assumed that the bond and underlying loan interest rates are 
market-clearing, equilibrium rates. We similarly assume the 
equity has a market-clearing expected return at par. 


We saw earlier that the interim cash flows to the equity, that is, 
those in the first 4 years, are max(L; — B — OC,,0), t = 1,..., 4. 
The terminal cash flow to the equity is max(F — 100,675,000,0), 
since the bond tranches have a prior claim to any available funds 
in the final period. Thus the IRR is the value of x that satisfies 


O = —5,000,000 + È (1+ x)-f max(L, — B - OC., 0) 
+ (1 + x)" max(F — 100,675,000, 0) 


To complete the scenario analysis, we display these values for the 
three default scenarios in Table 8.2. The first three rows of data 
display the final-year default count, and the cumulative number 
of defaulted and surviving loans. The next five rows of data show 
the terminal available funds and how they are generated—loan 
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IE\°)(-w:374 Terminal Cash Flows of the CDO 


Default rate 

Time T default counts: 

Final period current default count 
Final period cumulative default count 
Final period surviving loan count 
Available funds at time T: 

Final period loan interest 

Loan redemption proceeds 

Final period recovery amount 

Ending balance of overcollateralization account 
Total terminal available funds 

Owed to bond tranches 

Equity returns: 

Equity terminal cash flow 

Equity internal rate of return (%) 
Bond writedowns: 

Total terminal bond shortfall 

Terminal mezzanine shortfall 


Terminal senior shortfall 


2.0 7.5 10.0 

7 
41 
ee ee ee ee 59 
7,650,000 5,780,000 5,015,000 
90,000,000 68,000,000 59,000,000 
800,000 2,000,000 2,800,000 
11,540,360 17,921,525 19,541,412 
109,990,360 93,701,525 86,356,412 
100,675,000 100,675,000 100,675,000 
9,315,360 —— 0 

-95.5 
= o | emas 14,318,588 
— o | emas 11,000,000 
O o | o | aawe 


interest, redemption proceeds, and recovery. The main driver is, 
not surprisingly, redemption proceeds from surviving loans. The 
next row of data is the amount owed to the bondholders at time 
T, the same, of course, in all default scenarios. 


We can see that in the low default scenario, the bonds will be 
paid in full and the equity tranche will get a large final payment. 
At higher default rates, the equity receives no residual payment, 
and one or both of the bonds cannot be paid in full. 


For the expected default rate of 2 percent, the equity IRR is 23 
percent. At high default rates, the IRR approaches minus 100 
percent. At a default rate of 10 percent, for example, the equity 
receives an early payment out of excess spread, but nothing 
subsequently, so the equity tranche owner is “out” nearly the 
entire $5,000,000 initial investment. 


The final rows of the table show credit losses, if any, on the 

bond tranches. At a default rate of 2 percent, both bonds are 
repaid in full. At a default rate of 7.5 percent, the junior bond 
loses its final coupon payment and a portion of principal. At a 


default rate of 10 percent, even the senior bond cannot be paid 
off in full, but loses part of its final coupon payment. 


The table shows extreme loss levels that will “break” the bonds 
and essentially wipe out the equity tranche. We have focused here 
on explaining how to take account of the structure and waterfall 
of the securitization in determining losses, while making broad- 
brush assumptions about the performance of the collateral pool. 
Another equally important task in scenario analysis is to deter- 
mine what are reasonable scenarios about pool losses. How we 
interpret the results for a 10 percent collateral pool default rate 
depends on how likely we consider that outcome to be. It is diffi- 
cult to estimate the probabilities of such extreme events precisely. 
But we can make sound judgements about whether they are 
highly unlikely but possible, or close to impossible. 


For structured credit products, such judgements are based on 
two assessments. The first is a credit risk assessment of the 
underlying loans, to determine how the distribution of defaults 
will vary under different economic conditions, requiring exper- 
tise and models pertinent to the type of credit in the pool, say, 
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consumer credit or commercial real estate loans. The second is 
a judgement about how adverse an economic environment to 
take into account. The latter is based on both economic analysis 
and the risk appetite of the investor. 


8.3 MEASURING STRUCTURED 
CREDIT RISK VIA SIMULATION 


Up until now, we have analyzed losses in the securitization for 
specific default scenarios. But this approach ignores default cor- 
relation, that is, the propensity of defaults to coincide. Once we 
take default correlation into account, we can estimate the entire 
probability distribution of losses for each tranche into account. 
The loss distributions provide us with insights into valuation as 
well as risk. 


Chapter 7 introduced two approaches to taking account of 
default correlation in a credit portfolio, one based on the single- 
factor model and the other on simulation via a copula model. 
We'll apply the simulation/copula approach to the loan portfolio 
that constitutes the securitization trust's collateral pool. While in 
Chapter 7, we applied the simulation approach to a portfolio of 
two credit-risky securities, here we apply it to a case in which the 
underlying collateral contains many loans. This simulation-based 
analysis of the risk of a securitization, by taking into account the 
default correlation, unlocks the entire distribution of outcomes, 
not just particular outcomes. 


The Simulation Procedure and the Role 
of Correlation 


The simulation process can be summarized in these steps: 


Estimate parameters. First we need to determine the param- 
eters for the valuation, in particular, the default probabilities 
or default distribution of each individual security in the col- 
lateral pool, and the correlation used to tie the individual 
default distributions together. 


Generate default time simulations. Using the estimated 
parameters and the copula approach, we simulate the 
default times of each security (here, the underlying loans) in 
the collateral pool. With the default times in hand, we can 
next identify, for each simulation thread and each security, 
whether it defaults within the life of the securitization, and if 
so, in what period. 


Compute the credit losses. The default times can be used 
to generate a sequence of cash flows from the collateral 
pool in each period, for each simulation thread. This part of 


the procedure is the same as the cash flow analysis of the 
previous section. The difference is only that in the simulation 
approach, the number of defaults each period is dictated by 
the results of the simulation rather than assumed. The securi- 
tization capital structure and waterfall allocate the cash flows 
over time, for each simulation thread, to the securitization 
tranches. For each simulation thread, the credit loss, if any, to 
each liability and the residual cash flow, if any, to the equity 
tranche can then be computed. This gives us the entire distri- 
bution of losses for the bonds and of IRRs for the equity. The 
distributions can be used to compute credit statistics such as 
Credit VaR for each tranche. 


The default probability parameters can, as usual, be esti- 
mated in two ways, either as a physical or, if comparable 
spread data is available, as a risk-neutral probability. We have 
N (in our example, 100) pieces of collateral in the pool, so we 
need up to N distinct default probabilities 7,,n = 1, ..., N. 
If we want to use time-varying hazard rates, we also need a 
term structure of default probabilities. For our securitization 
example, we assume, as in Chapter 7, that we have obtained 
a one-year physical default probability 7, from an internal or 
external rating. We convert this to a hazard rate using the 
formula 


An 


T, =1-—e > A, = -log(l — a) n= 1,..., N 


We'll assume each loan has the same probability of default, so 
T,=a7,n = 1, ... , 100. 


The correlations pm np, m,n = 1,..., N between the elements of 
the collateral pool are more difficult to obtain, since the copula 
correlation, as we have seen, is not a natural or intuitive quan- 
tity, and there is not much market or financial data with which 
to estimate it. We'll put only one restriction on the correlation 
assumption: that pm.n = o,m,n = 1,...,N. 


In our example we assume the correlations are pairwise con- 
stant, SO Pm, = p, M, N = 1,..., 100. We will want to see the 
effects of different assumptions about default probability and 
correlation, so, for both the default probability and correlation 
parameter, we'll compare results for different pairs of r and p. 
Our posited loan default probabilities range from 7 = 0.075 
to m = 0.975, in increments of 0.075, and we apply correlation 
parameters between p = 0 and p = 0.9, in increments of 0.3. 
This gives us a total of 52 pairs of default probability and corre- 
lation parameter settings to study. 


Once we have the parameters, we can begin to simulate. 
Since we are dealing with an N-security portfolio, each 
simulation thread must have N elements. Let | be the number 
of simulations we propose to do. In our example, we set the 
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number of simulations at I = 1,000. The first step is to gen- 
erate a set of | draws from an N-dimensional joint standard 
normal distribution. This is an N-dimensional random variable 
in which each element is normally distributed with a mean of 
zero and a standard deviation equal to unity, and in which 
each pair of elements m and n has a correlation coefficient 
BEP nn 


The result of this step is a matrix 


Zi Zi 1N 

2 = Za 259 Zon 
7 aira 

any Z2 Z N 


Each row of z is one simulation thread of an N-dimensional stan- 
dard normal variate with a covariance matrix equal to 


m 
N 


Pin Pon U | 


For example, suppose we take the correlations coefficient to be 
a constant p = 0.30. We can generate 1,000 correlated normals. 
The result of this step is a matrix 


2 oe 


l 1100 


410001 ` “1000,100 


with each row representing one simulation thread of a 
100-dimensional standard normal variate with a mean of zero 
and a covariance matrix equal to 


po 1) LOR e 1 
In the implementation used in the example, the upper left 4 x 4 
submatrix of the matrix z is 


“12625 -0.3968 -0.4285 -1.0258 
-0.3778 -01544 -1.5535 -0.4684 
0.2319 -0.1779 -0.4377 -0.5282 


-0.6915 -0.5754 -0.3939 -0.1683 


The actual numerical values would depend on the random num- 
ber generation technique being used and random variation in 
the simulation results. For our example, we generate four such 
matrices z, one for each of our correlation assumptions. 


The next step is to map each element of Z to a default time 
thy, = 1,..., N,1= 1,..., L If we have one hazard rate A, 
for each security, we carry out the mapping via the formula 


= log[ - Pz )] We Waves Nf = 1 / 


ni x 


n 


giving us a matrix t of default times. We can now count off the 
number of defaults, and the cumulative number, occurring in 
each period within the term of the securitization liabilities. Note 
that we need a distinct matrix of simulated standard normals for 
each correlation assumption, but not for each default probability 
assumption. 


In our example, we use a constant hazard rate across loans: 


D log] — &(z ,)] z 


i 7. = aay (OO) =1,..., 1000 


For m = 0.0225, for example, we have A = —log(1 — 7) = 
—log(0.9775) = 0.022757. Together with the assumption 

p = 0.30, this results in another 1,000 x 100 matrix. In our sim- 
ulation example, it has upper left 4 x 4 submatrix 


N 


47951 186433 17.8702 7.2705 .-.. 
191194 25.3727 2.7262 16.9309 ... 
393599 24.6542 17.6515 15.5915 


12.3274 145882 18.7161 24.9461 


We generate as many such matrices of simulated default times 
as we have pairs of default time-correlation parameter assump- 
tions, namely 52. For example, focusing on element (1,1) of the 
submatrix of correlated normal simulations of the previous page, 
we compute the corresponding element (1,1) of the matrix of 
default times as 

log[1- (-1.2625)] 

—-log(1 — 0.0225) 


= 4.7951 


Note that there are two defaults (default times less than 5.0) 
within the five-year term of the securitization for these first 
four loans in the first four threads of the simulation for the 
parameter pair m = 0.0225, p = 0.30. Again, we have 52 such 
matrices, one for each parameter pair, each of dimension 
1,000 x 100. 


This completes the process of generating simulations of 
default times. The next step is to turn the simulated default 
times Tf into vectors of year-by-year defaults and cumula- 
tive defaults, similar to columns (2) and (3) of the cash flow 
Table 8.1, and the row of final year defaults in Table 8.2. To 
do this, we count, for each of the 1,000 rows, how many of 
the 100 simulated default times fall into each of the intervals 
(t— 1,t,t=1,...,T. The result in our example is a set of 
1,000 vectors of length T = 5, each containing the number 
of defaults occurring in each p of the five years of the CLO. 
The cumulative sum of each of these vectors is the cumulative 
default count, also a five-element vector. 
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The full first row of £ for the parameter pair m = 0.0225, p = 0.30, for example, is 


4.80 
22.39 


11.37 25.80 
30.37 3.44 


6.70 248 | 055 


11.89 


ass | 1201 | 6902 | 2022 | 799 | 1470 | 494 
2.55 


12.36 7.48 
3.55 10.55 


1.83 3.94 | 3204 
2.69 1531 | 1672 
531 573 | 48.27 
26.22 39.46 | 838 
a229 | 0o73 | 453 | 11.38 | 1570 | 099 | oor | 2243 | 194 | 1241 


It gives us the simulated default times in the first simulation 
thread of each of the 100 pieces of collateral. The associated 
current default count vector is 


(115,47: 7) 


since there are 11 elements in the first row of t that are less than 
or equal to 1, 4 elements in the range (1, 2), and so on. The cor- 
responding cumulative default count vector is 


C11, 16, 23, 30, 37) 


Thus, in that first simulation thread, there is a cumulative total of 
37 defaults by the end of year 5. (This is, incidentally, one of the 
grimmer simulation threads for this parameter pair.) We gener- 
ate 1,000 such cumulative default count vectors, one for each 
simulation thread, for this parameter pair. 


We want to see the effects of different assumptions, so 

we repeat this procedure for all 52 pairs of default prob- 
abilities 7 = 0.0075, 0.0150, . . . , 0.0975 and correlations 

p = 0.00, 0.30, 0.60, 0.90. One of the advantages of this 
approach is that, if we want to see the effects of changing dis- 
tributional parameters, or characteristics of the collateral or 
liability structure, such as the recovery rate or the interest paid 
by the collateral, we don’t have to do a fresh set of simulations. 
We only change the way the simulations are processed. We 
would need to do new simulations only if we want to increase 
the number of threads I for greater simulation accuracy, or we 
change the number of loans in the collateral pool, or we intro- 
duce new correlation settings not included in the set {0.00, 0.30, 
0.60, 0.90}. 


The final step is to pass these loan-loss results, scenario by 
scenario, through the waterfall. To accomplish this, we repeat, 
for each simulation, the process we laid out for scenario analy- 
sis. For each simulation, we use the current and cumulative 


default count vectors to generate the cash flows, distribute 
them through the waterfall, and tabulate the cash flows for each 
security. 


Means of the Distributions 
We can now describe the distributions of the results. We'll begin 


with the means. 


The results for the equity tranche are displayed in the next 

table. Each value is the mean IRR over all the simulations for the 
parameter pair displayed in the row and column headers. For 

low default rates, the mean equity IRRs are over 30 percent per 
annum, while for high default rates and low correlations, the 
equity tranche is effectively wiped out in many simulation threads. 


Equity IRR (percent) 


0.0075 32.2 
0.0225 19.8 
0.0375 | -28 | -81 | -o9 | 105 
0.0525 1.5 
0.0675 -6.5 


0.0825 -13.8 
0.0975 -20.3 


In order to compute risk statistics such as VaR, we use dollar 
values rather than IRRs. To do so, we make a somewhat arbi- 
trary parameter assignment, namely, that the equity hurdle rate 
is 25 percent. Some assumption on hurdle rates is required in 
order to identify the IRR at which a loss occurs, and is similar 
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to our setting the market-clearing bond coupons as part of 

the example. This hurdle rate more or less prices the equity 
tranche at its par value of $5,000,000 for m = 2.25 percent and 
p = 0.30. We use this hurdle rate to discount to the present the 
future cash flows to the equity tranche in each simulation sce- 
nario. The sum of these present values is the equity value in that 
scenario. A present value is computed for each simulation as: 


T-1 


2.1.25) max(L, — B — OC, 0) 


t=1 


+ (1.25) 7 max(F — 100675000,0) 


Averaging these present values over all 1,000 simulations gives 
us the estimated equity value for each (7, p) pair. Table 8.3 


LELICE:Æ] Mean Equity Values and Bond Credit Losses 


Equity Value ($ million) 


z p = 0.90 


TARE T 
0.0225 6.33 
0.0375 5.69 
0.0525 5.08 
0.0675 4.56 
0.0825 4.13 
0.0975 3.74 


Mezzanine Bond Writedown (percent of tranche par value) 


z p = 0.90 


0.0075 | 0.00 | 1.11 3.36 4.84 
025 | ooo | 735 | 1282 | 15.49 
0.0375 23.14 
0.0525 31.32 
0.0675 39.64 
0.0825 46.40 
0.0975 52.87 


Senior Bond Writedown (percent of tranche par value) 


z p = 0.90 


ooozs | ooo | oo | os | 131 
oo225 | ooo | 052 | 214 | sos 
oos7zs | ooo | 144 | 436 | 88 
0.0525 | ooo | 2% | 6% | 1208 
0.0675 15.49 
0.0825 18.96 
0.0975 22.29 


tabulates the means of the simulated equity values and the bond 
credit writedowns. We display them graphically in Figure 8.1. 
Each result is the mean over the 1,000 simulations of the IRR or 
credit loss. The bond writedowns are expressed as a percent of 
the par value of the bond, rather than in millions of dollars to 
make comparison of the results for the mezzanine and senior 
bonds more meaningful. 
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Equity value and bond losses in millions of $ as a function of default 
probabilities for different constant pairwise correlations. The equity is 
valued using a discount factor of 25 percent per annum. Bond losses are 
in percent of par value. 
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The means of the mezzanine and senior bond writedowns don’t 
“add up,” even though the results add up simulation by simula- 
tion. Consider, for example, the parameter pair m = 0.0225 and 
p = 0.30. There are small losses for both the senior and junior 
bonds. How can there be losses to the senior at all, if the junior 
losses are small? The reason is that the senior loss of 0.05 per- 
cent of par stems from six simulation threads out of the 1,000 
in which, of course, the junior tranche is entirely wiped out. 
However, there are only 19 threads in which the junior tranche 
experiences a loss at all, so the average loss for the parameter 
pair is low. 


There are several important patterns in the results we see in the 
example, particularly with respect to the interaction between 
correlation and default probability: 


Increases in the default rate increase bond losses and 
decrease the equity IRR for all correlation assumptions. In 
other words, for any given correlation, an increase in the 
default rate will hurt all of the tranches. This is an unsurpris- 
ing result, in contrast to the next two. 


Increases in correlation can have a very different effect, 
depending on the level of defaults. At low default rates, 

the impact of an increase in correlation is relatively low. But 
when default rates are relatively high, an increase in correla- 
tion can materially increase the IRR of the equity tranche, but 
also increase the losses to the senior bond tranche. In other 
words, the equity benefits from high correlation, while the 
senior bond is hurt by it. We will discuss this important result 
in more detail in a moment. 


The effect on the mezzanine bond is more complicated. At 
low default rates, an increase in correlation increases losses 
on the mezzanine bond, but decreases losses for high default 
rates. In other words, the mezzanine bond behaves more like 
a senior bond at low default rates, when it is unlikely that 
losses will approach its attachment point and the bond will 
be broken, and behaves more like the equity tranche when 
default rates are high and a breach of the attachment point 
appears likelier. 


Convexity. At low correlations, the equity value is substan- 
tially positively convex in default rates. That is, the equity 
tranche loses value rapidly as default rates increase from a 
low level. But as default rates increase, the responsiveness of 
the equity value to further increases in the default rate drops 
off. In other words, you can't beat a dead horse: If you are 
long the equity tranche, once you've lost most of your invest- 
ment due to increases in default rates, you will lose a bit less 
from the next increase in default rates. 


For low correlations, the senior bond tranche has negative 
convexity in default rates; its losses accelerate as defaults 


rise. The mezzanine tranche, again, is ambiguous. It has neg- 
ative convexity for low default rates, but is positively convex 
for high default rates. At high correlations, all the tranches 
are less convex; that is, they respond more nearly linearly to 
changes in default rates. 


Distribution of Losses and Credit VaR 


Table 8.3 and Figure 8.1 display the means over all the simula- 
tions for each parameter pair. We can gain additional insights 
into the risk characteristics of each tranche by examining the 
entire distribution of outcomes for different parameter pairs; the 
patterns we see differ across tranches. 


Figures 8.2 through 8.4 present histograms of all 1,000 simu- 
lated values of each of the three CLO tranches for a subset 
of our 52 (m, p) assumption pairs. Each histogram is labeled 
by its (m, p) assumption. The expected value of the tranche 
for the (7, p) assumption is marked by a solid grid line. The 
0.01 — (0.05)-quantile of the value distribution is marked by a 
dashed (dotted) grid line. 


The distribution plots help us more fully understand the behav- 
ior of the mean values or writedowns of the different tranches. 
Before we look at each tranche in detail, let’s recall how cor- 
relation affects the pattern of defaults. When correlation is 
high, defaults tend to arrive in clusters. Averaged over all of the 
simulations, the number of defaults will be approximately equal 
to the default probability. But the defaults will not be evenly 
spread over the simulation. Some simulations will experience 
unusually many and some unusually few defaults for any default 
probability. The higher the correlation, the more such extreme 
simulation results there will be. 


Equity tranche. The results for the equity tranche (Figure 8.2) 
are plotted as dollar values, with the cash flows discounted 
at our stipulated IRR of 25 percent. The most obvious feature 
of the histograms is that for low correlations, the simulated 
values form a bell curve. The center of the bell curve is higher 
for lower default probabilities. For high enough default rates, 
the bell curve is squeezed up against the lower bound of 
zero value, as it is wiped out in most scenarios before it can 
receive much cash flow. In a low correlation environment, the 
equity note value is close to what you would expect based 
on the default probability. It is high for a low default rate and 
vice versa. 


The surprising results are for high correlations. The distribu- 
tion is U-shaped; extreme outcomes, good or bad, for the 
equity value are more likely than for low correlations. In a 
scenario with unusually many defaults, given the default 


Chapter 8 Structured Credit Risk HM 175 


n = 0.0150, p = 0.00 mt = 0.0150, p = 0.30 mt = 0.0150, p = 0.90 


800} - 
600 
400 
200 


800) - 


0 2 4 6 8 0 2 4 6 8 0 2 4 6 8 
nm = 0.0375, p= 0.00 n = 0.0375, p = 0.30 z = 0.0375, p = 0.90 


0 2 4 6 8 
n = 0.0975, p = 0.30 z = 0.0975, p = 0.90 
800 ad | 
600 600} 
400 400 400} 
200 200 a” | 
- 3S EEE 4 
0 2 4 6 8 0 2 4 6 8 9 2 4 6 5 
GMF Distribution of simulated equity tranche values. 


Histograms of simulated values of equity tranche, in millions of $. Each histogram is 
labeled by its default probability and correlation assumption. Values are computed using 
a discounting rate of 25 percent. The solid grid line marks the mean value over the 1,000 
simulations. The dashed and dotted grid lines mark the 0.01 and 0.05 quantile values. 
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Distribution of simulated mezzanine bond tranche 
losses. 


Histograms of simulated losses of mezzanine bond, in millions of $. Each histogram is 
labeled by its default probability and correlation assumption. The solid grid line marks 
the mean loss over the 1,000 simulations. The dashed and dotted grid lines mark the 0.99 
and 0.95 quantiles of the loss. 


probability, the equity is more likely to be wiped out, while 
in low-default scenarios, the equity will keep receiving cash 
flows for a surprisingly long time. 


The equity note thus behaves like a lottery ticket in a 
high-correlation environment. If defaults are low, the high 


correlation induces a higher probability of a high- 
default state, reducing the equity note’s value. If 
defaults are high, the high correlation induces a 
higher probability of a low-default state, raising 
the equity note’s value. 


If, in contrast, the correlation is low, some defaults 
will occur in almost every simulation thread. Since 
the equity tranche takes the first loss, this means 
that at least some equity losses are highly likely 
even in a relatively low-default environment. 
Therefore low correlation is bad for the equity. 
Correlation is more decisive for equity risk and 
value than default probability. 


This behavior is related to the convexity of the 
mean equity values we see in Figure 8.1. At a low 
correlation, equity values have fewer extremes and 
are bunched closer to what you would expect based 
on the default probability, much like the results we 
obtained using default scenario analysis above. But 
there is only so much damage you can do to the 
equity tranche; as it gets closer to being wiped out, 
a higher default rate has less incremental impact. 


Bond tranches. The bond tranche distributions 
(Figures 8.3 and 8.4) are plotted as dollar amounts 
of credit losses. They appear quite different from 
those of the equity; even for low correlations, they 
are not usually bell-curve-shaped. Rather, in con- 
trast to the equity, the credit subordination concen- 
trates the simulated losses close to zero, but with 
a long tail of loss scenarios. For the senior bond, 
this is particularly clear, as almost all simulation 
outcomes show a zero or small loss, unless both 
default probability and correlation are quite high. 


But the distributions have one characteristic in 
common with the equity. The distribution of simu- 
lated loss tends towards a U shape for higher 
default probabilities and higher correlations. This 
tendency is much stronger for the mezzanine, 
which, as we have seen, behaves like the equity at 
high correlations and default probabilities. 


For low correlations and high default prob- 
abilities, finally, we see an important contrast 


between the mezzanine and senior bonds. The 


mezzanine is a relatively thin tranche, so a small increase in 
default rates shifts the center of gravity of the distribution 

from par to a total loss. We can see this clearly by compar- 
ing the histograms for (m = 0.0375, p = 0.00) with that for 
(7 = 0.0975, p = 0.00). 
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Distribution of simulated senior bond tranche losses. 


Histograms of simulated losses of senior bonds, in millions of $. Each histogram is labeled 
by its default probability and correlation assumption. The solid grid line marks the mean 
loss over the 1,000 simulations. The dashed and dotted grid lines mark the 0.99 and 0.95 


close together. This means that, conditional on the 
bond suffering a loss at all, the loss is likely to be 
very large relative to its par value. 


Senior bond. We see once again that correlation is 
bad for the senior bond. At high correlations, the 
99 percent Credit VaR of the senior bond is on the 
order of one-half the par value, while if defaults 
are uncorrelated, the bond is virtually risk-free 
even at high default probabilities. 


For a correlation of 0.90, the risk of the senior 
bond at a 99 percent confidence level varies sur- 
prisingly little with default probability. The reason 
is that at a high correlation, clusters of defaults in 
a handful of simulations guarantee that at least 

1 percent of the simulations will show extremely 
high losses. 


Note that there is one entry, for the senior bond 
with (7, p) = (0.0075, 0.30), for which the VaR is 


quantiles of the loss. 


We can, finally, compute the Credit VaR. To do so, we need to 
sort the simulated values for each tranche by size. For the equity 
tranche, we measure the Credit VaR at a confidence level of 99 
(or 95) percent as the difference between the 10th (or 50th) low- 
est sorted simulation value and the par value of $5,000,000. The 
latter value, as noted, is close to the mean present value of the 
cash flows with 7 = 2.25 percent and p = 0.30. For the bonds, 
we measure the VaR as the difference between the expected 
loss and the 10th (or 50th) highest loss in the simulations. 


The results at a 99 percent confidence level are displayed in 
Table 8.4. To make it easier to interpret the table, we have also 
marked with grid lines the 99th (dashed) and 95th (dotted) per- 
centiles in Figures 8.2 through 8.4. The 99-percent Credit VaR 
can then be read graphically as the horizontal distance between 
the dashed and solid grid lines. To summarize the results: 


Equity tranche. The equity VaR actually falls for higher default 
probabilities and correlations, because the expected loss is so 
high at those parameter levels. Although the mean values of 


the equity tranche increase with correlation, so also does its risk. 


Mezzanine bond. The junior bond again shows risk character- 
istics similar to those of the equity at higher default rates and 
correlation and to those of the senior bond for lower ones. 


The mezzanine, like the equity tranche, is thin. One conse- 
quence is that, particularly for higher (7, p) pairs, the Credit 
VaRs at the 95 and 99 percent confidence levels are very 


negative. This odd result is an artifact of the simu- 
lation procedure, and provides an illustration of 
the difficulties of simulation for a credit portfolio. 
For this assumption pair, almost all the simulation results 
value the senior bond at par, including the 10th ordered 
simulation result. There are, however, seven threads in which 
the senior bond has a loss. So the expected loss is in this odd 
case actually higher than the 0.01-quantile loss, and the VaR 
scenario is a gain. 


The anomaly would disappear if we measured VaR at the 
99.5 or 99.9 percent confidence level. However, the higher 
the confidence level, the more simulations we have to per- 
form to be reasonably sure the results are not distorted by 
simulation error. 


Default Sensitivities of the Tranches 


The analysis thus far has shown that the securitization tranches 
have very different sensitivities to default rates. Equity values 
always fall and bond losses always rise as default probabilities 
rise, but the response varies for different default correlations 
and as default rates change. This has important implications for 
risk management of tranche exposures. In this section, we exam- 
ine these default sensitivities more closely. 


To do so, we develop a measure of the responsiveness of equity 
value or bond loss to small changes in default probabilities. The 
“default01” measures the impact of an increase of 1 basis point 
in the default probability. It is analogous to the DV01 and the 
spread01 we studied in Chapter 6 and is calculated numerically 
in a similar way. 
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JE\°)(-w-@-9 CLO Tranche Credit VaR at a 99 Percent 
Confidence Level 


Equity VaR ($ million) 


z p = 0.90 


0.0075 1.62 6.33 6.85 7.14 
0.0225 2153 4.98 5.61 6.33 


0.0375 5.69 
0.0525 5.08 
0.0675 4.56 
0.0825 4.13 
0.0975 3.74 


Mezzanine Bond VaR ($ million) 


To compute the default01, we increase and decrease default 


probability 10bps and revalue each tranche at these new values 
of m. This requires repeating, twice, the entire valuation pro- 
cedure from the point onward at which we generate simulated 
default times. We can reuse our correlated normal simulations 2. 
In fact, we should, in order to avoid a change of random seed 
and the attendant introduction of additional simulation noise. 
But we have to recompute Ẹ, the list of vectors of default counts 
for each simulation, and all the subsequent cash flow analysis, 


valuation, and computation of losses. The default01 sensitivity 
of each tranche is then computed as 


1 
50 [Cmean value/loss for m + 0.0010) 
— (mean value/loss for 7 — 0.0010)] 


We compute this default01 for each combination of 7 and p. 
The results are displayed in Table 8.5 and Figure 8.5. Each 
defaultO1 is expressed as a positive number and expresses the 
decline in value or increase in loss resulting from a 1-basis point 
rise in default probability. 


LELJCE:¥ CLO Tranche Default Sensitivities 
Equity Loss ($ million per bp) 


7 p = 0.90 
0.0075 0.0069 
0.0225 0.0046 
0.0375 0.0039 
0.0525 0.0035 
0.0675 0.0030 


0.0825 0.0030 
0.0975 0.0024 


Mezzanine Bond Loss (percent of par per bp) 


z p = 0.90 


0.0075 0.0843 
0.0225 0.0687 
0.0375 0.0436 
0.0525 0.0595 
0.0675 0.0498 
0.0825 0.0465 
0.0975 0.0403 


Senior Bond Loss (percent of par per bp) 


z p = 0.90 


0.0075 0.0190 
0.0225 0.0255 
0.0375 0.0229 
0.0525 0.0226 
0.0675 0.0228 
0.0825 0.0228 
0.0975 0.0220 
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Default01 as a function of default probability for different constant pairwise 
correlations. Equity in $ million per bp, bonds in percent of par per bp. 


For all tranches, in all cases, default0O1 is positive, as expected, 
regardless of the initial value of 7 and p, since equity and bond 
values decrease monotonically as the default probability rises. 
The default01 sensitivity converges to zero for all the tranches 
for very high default rates (though we are not displaying high 
enough default probabilities to see this for the senior bond). 
Once losses are extremely high, the incremental impact of addi- 
tional defaults is low. 


The defaultO1 varies most as a function of default probability 
when correlation is low. With p = 0, the defaultO1 changes 
sharply in a certain range of default probabilities, and then 
tapers off as the tranche losses become very large. The differ- 
ences in the patterns for the different tranches are related to 
the locations of their attachment points. For each tranche, the 
range of greatest sensitivity to an increase in defaults, that is, 
the largest-magnitude defaultO1, begins at a default rate that 
brings losses in the collateral pool near that tranche’s attach- 
ment point. Thus the peak default01 is at a default probability 
of zero for the equity tranche, and occurs at a lower default rate 
for the mezzanine than for the senior tranche because it has a 
lower attachment point. This introduces additional risk when 
structured credit exposures are put on in a low-correlation envi- 
ronment, or correlation is underestimated. Underestimation of 
default correlation in structured credit products was an impor- 
tant factor in the origins of the subprime crisis. 


Note that some of the default01 plots are not smooth curves, 
providing us with two related insights. The first is about the dif- 
ficulty or “expense” of estimating the value and risk of credit 
portfolios using simulation methods. The number of defaults at 
each tin each simulation thread must be an integer. Even with 
100 loans in the collateral pool, the distribution of value is so 
skewed and fat-tailed that simulation noise amounting to one 

or two defaults can make a material difference in the average of 
the simulation results. The curves could be smoothed out further 
by substantially increasing the number of simulations used in the 
estimation procedure. This would be costly in computing time 
and storage of interim results. 


We have enough simulations that the fair value plots are reason- 
ably smooth, but not so all the default01 plots. The lumpiness 
shows up particularly in the plots of the senior bond default01 
plots and those for higher correlations for all tranches. The rea- 
son is intuitive. At higher correlations, the defaults tend to come 
in clusters, amplifying the lumpiness. A chance variation in the 
number of default clusters in a few simulation threads can mate- 
rially change the average over all the threads. 


The second insight is that because of the fat-tailed distribution 
of losses, it is difficult to diversify a credit portfolio and reduce 
idiosyncratic risk. Even in a portfolio of 100 credits, defaults 
remain “lumpy” events. 


Summary of Tranche Risks 


We've now examined the risk of the securitization liabilities in 
several different ways: mean values, the distribution of values 


and Credit VaR, and the sensitivities of the values to changes in 
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default behavior, all measured for varying default probabilities 
and correlations. As in the scenario analysis of the previous sec- 
tion, we've focused on the securitization’s liability structure and 
waterfall, and less on the equally crucial credit analysis of the 


underlying loans. 


On the basis of the example, we can make a few generalizations 
about structured credit product risk. 


Systematic risk. Structured credit products can have a great 
deal of systematic risk, even when the collateral pools are 
well-diversified. In our example, the systematic risk shows up 
in the equity values and bond losses when default correlation 
is high. High default correlation is one way of expressing high 
systematic risk, since it means that there is a low but material 
probability of a state of the world in which an unusually large 
number of defaults occurs. 


Most notably, even if the collateral is well-diversified, the 
senior bond has a risk of loss, and potentially a large loss, 

if correlation is high. While its expected loss may be lower 
than that of the underlying loan pool, the tail of the loss and 
the Credit VaR are high, as seen in the rightmost column of 
plots in Figure 8.4. In other words, they are very exposed to 
systematic risk. The degree of exposure depends heavily on 
the credit quality of the underlying collateral and the credit 
enhancement. 


Tranche thinness. Another way in which the senior bond's 
exposure to systematic risk is revealed is in the declining 
difference between the senior bond's Credit VaRs at the 99 
and 95 percent confidence levels as default probabilities 
rise for high default correlations. For the mezzanine bond, 
the difference between Credit VaR at the 99 and 95 percent 
confidence levels is small for most values of 7 and p, as seen 
in Figure 8.3. The reason is that tranche is relatively thin. The 
consequence of tranche thinness is that, conditional on the 
tranche suffering a loss at all, the size of the loss is likely to 
be large. 


Granularity can significantly diminish securitization risks. 

In Chapter 7, we saw that a portfolio of large loans has 
greater risk than a portfolio with equal par value of smaller 
loans, each of which has the same default probability, recov- 
ery rate, and default correlation to other loans. Similarly, 
“lumpy” pools of collateral have greater risk of extreme 
outliers than granular ones. A securitization with a more 
granular collateral pool can have a somewhat larger senior 
tranche with no increase in Credit VaR. A good example of 
securitizations that are not typically granular are the many 
CMBS deals in which the pool consists of relative few mort- 
gage loans on large properties, or so-called fusion deals in 


which a fairly granular pool of smaller loans is combined with 


a few large loans. When the asset pool is not granular, and/ 
or correlation is high, the securitization is said to have high 
concentration risk. 


8.4 STANDARD TRANCHES AND 
IMPLIED CREDIT CORRELATION 


Structured credit products are claims on cash flows of credit 
portfolios. Their prices therefore contain information about 
how the market values certain characteristics of those portfo- 
lios, among them default correlation. In the previous section, 
we have seen how to use an estimate of the default cor- 
relation to estimate model values or securitization tranches. 
Next, we see how we can reverse engineer the modeling 
process, applying the model to observed market prices of 
structured credit products to estimate a default correlation. 
The correlation obtained in this way is called an implied credit 
or implied default correlation. It is a risk-neutral parameter 
that we can estimate whenever we observe prices of portfolio 
credit products. 


Credit Index Default Swaps and Standard 
Tranches 


We begin by introducing an important class of securitized credit 
products that trades in relatively liquid markets. In Chapter 6, 
we studied CDS, the basic credit derivative, and earlier in this 
chapter we noted that CDS are often building blocks in syn- 
thetic structured products. Credit index default swaps or CDS 
indexes are a variant of CDS in which the underlying security is 
a portfolio of CDS on individual companies, rather than a single 
company’s debt obligations. Two groups of CDS indexes are 
particularly frequently traded: 


CDX (or CDX.NA) are index CDS on North American 
companies. 


iTraxx are index CDS on European and Asian companies. 


Both groups are managed by Markit, a company specializing in 
credit-derivatives pricing and administration. There are, in addi- 
tion, customized credit index default swaps on sets of compa- 
nies chosen by a client or financial intermediary. 


CDX and iTraxx come in series, initiated semiannually, and 
indexed by a series number. For example, series CDX.NA.IG.10 
was introduced in March 2008. Each series has a number of 
index products, which can be classified by 


Maturity. The standard maturities, as with single-name CDS, 
are 1, 3, 5, 7, and 10 years. The maturity dates are fixed cal- 
endar dates. 
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Credit quality. In addition to the investment grade CDX. 
NA.IG, there is a high-yield group (CDX.NA.HY), and subsets 
of IG and HY that focus on narrower ranges of credit quality. 


We'll focus on investment grade CDX (CDX.NA.IG); the iTraxx 
are analogous. Each IG series has an underlying basket consist- 
ing of equal notional amounts of CDS on 125 investment-grade 
companies. Thus a notional amount $125,000,000 of the CDX 
contains $1,000,000 notional of CDS on each of the 125 names. 
The list of 125 names changes from series to series as firms lose 
or obtain investment-grade ratings, and merge with or spin off 
from other firms. 


Cash flows and defaults are treated similarly to those of a 
single-name CDS credit event. Given the CDS spread premiums 
on the individual names in the index, there is a fair market CDS 
spread premium on the CDX. One difference from single-name 
CDS is that the spread premium is fixed on the initiation date, 
so subsequent trading is CDX of a particular series gener- 

ally involves the exchange of net present value. The buyer of 
CDX protection pays the fixed spread premium to the seller. 

If credit spreads have widened since the initiation date, the 
buyer of protection on CDX will pay an amount to the seller of 
protection. 


In the event of default of a constituent of the CDX, the com- 
pany is removed from the index. In general, there is cash settle- 
ment, with an auction to determine the value of recovery on 
the defaulting company’s debt. The dollar amount of spread 
premium and the notional amount of the CDX contract are 
reduced by 0.8 percent (since there are 125 equally weighted 
constituents), and the CDX protection seller pays 0.8 percent 
of the notional, minus the recovery amount, to the protection 


buyer. 


The constituents of a CDX series can be used as the reference 
portfolio of a synthetic CDO. The resulting CDO is then eco- 
nomically similar to a cash CLO or CDO with a collateral pool 
consisting of equal par amounts of bonds issued by the 125 
firms in the index. There is a standard capital structure for such 
synthetic CDOs based on CDX: 


Assets Liabilities 


$1 million notional long 
protection on each 


constituent of CDX.NA.IG, 
total $125 million notional 


Equity 0-3% 

Junior mezzanine 3-7% 
Senior mezzanine 7-10% 
Senior 10-15% 

Super senior 15-30% 


The liabilities in this structure are called the standard tranches. 
They are fairly liquid and widely traded, in contrast to bespoke 
tranches, generally issued “to order” for a client that wishes to 
hedge or take on exposures to a specific set of credits, with a 


specific maturity, and at a specific point in the capital structure. 
Similar products exist for the iTraxx, with a somewhat different 
tranching. The fair market value or spread of each tranche is tied 
to those of the constituent CDS by arbitrage. 


The equity tranche, which is exposed to the first loss, is com- 
pletely wiped out when the loss reaches 3 percent of the notional 
value. The weight of each constituent is the same, and if we 
assume default recovery is the same 40 percent for each con- 
stituent, then 9 or 10 defaults will suffice: 9 defaults will leave just 
a small sliver of the equity tranche, and 10 defaults will entirely 
wipe it out and begin to eat into the junior mezzanine tranche. 


Implied Correlation 


The values, sensitivities, and other risk characteristics of a stan- 
dard tranche can be computed using the copula techniques 
described in this and Chapter 6, but with one important differ- 
ence. In the previous section, the key inputs to the valuation 
were estimates of default probabilities and default correlation. 
But the constituents of the collateral pools of the standard 
tranches are the 125 single-name CDS in the IG index, relatively 
liquid products whose spreads can be observed daily, or even 
at higher frequency. Rather than using the default probabilities 
of the underlying firms to value the constituents of the IG index, 
as in our CLO example in this chapter, we use their market CDS 
spreads, as in Chapter 6, to obtain risk-neutral default prob- 
abilities. In many cases, there is not only an observation of the 
most liquid five-year CDS, but of spreads on other CDS along 
the term structure. There may also be a risk-neutral estimate of 
the recovery rate from recovery swaps. CDS indexes and their 
standard tranches are therefore typically valued, and their risks 
analyzed, using risk-neutral estimates of default probabilities. 


The remaining key input into the valuation, using the copula 
technique of this and the last chapter, is the constant pairwise 
correlation. While the copula correlation is not observable, it can 
be inferred from the market values of the tranches themselves, 
once the risk-neutral probabilities implied by the single-name 
CDS are accounted for. Not only the underlying CDS, but the 
tranches themselves, are relatively liquid products for which 
daily market prices can be observed. Given these market prices, 
and the risk-neutral default curves, a risk-neutral implied correla- 
tion can be computed for each tranche. Typically, the correlation 
computed in this fashion is called a base correlation, since it is 
associated with the attachment point of a specific tranche. Cor- 
relations generally vary by tranche, a phenomenon called cor- 
relation skew. 


Since the implied correlation is computed using risk-neutral 
parameter inputs, the calculation uses risk-free rates rather 
than the fair market discount rates of the tranches. To compute 
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the equity base correlation, we require the market equity 
tranche price (or compute it from the points up-front and run- 
ning spread), and the spreads of the constituent CDS. Next, 
we compute the risk-neutral default probabilities of each of the 
underlying 125 CDS. Given these default probabilities, and a 
copula correlation, we can simulate the cash flows to the equity 
tranche. There will be one unique correlation for which the 
present value of the cash flows matches the market price of the 
equity tranche. That unique value is the implied correlation. 


The CLO example of the previous section can be used to illus- 
trate these computations. Suppose the observed market price 
of the equity is $5 million, and that we obtain a CDS-based 
risk-neutral default probability of the underlying loans equal to 
2 percent. In the top panel of Table 8.3, we can see that a con- 
stant pairwise correlation of 0.3 “matches” the equity price to 
the default probability. If we were to observe the equity price 
rising to $5.6 million, with no change in the risk-neutral default 
probability, we would conclude that the implied correlation had 
risen to 0.6, reflecting an increase in the market's assessment of 
the systematic risk of the underlying loans. 


Implied credit correlation is as much a market-risk as a credit-risk 
concept. The value of each tranche has a distinct risk-neutral 
partial spread01, rather than a default01, that is, sensitivities to 
each of the constituents of the IG 125. The spread01 measures 
a market, rather than a credit risk, though it will be influenced 
by changing market assessments of each firm’s creditworthiness. 
Each of these sensitivities is a function, inter alia, of the implied 
correlation. Conversely, the implied correlation varies in its own 
right, as well as with the constituent and index credit spreads. 
For the cash CLO example in this chapter, changes in default 
rates and correlation result in changes in expected cash flows 
and credit losses to the CLO tranches, that is, changes in funda- 
mental value. For the standard tranches, changes in risk-neutral 
probabilities and correlations bring about mark-to-market 
changes in tranche values. 


Summary of Default Correlation Concepts 


In discussing credit risk, we have used the term “correlation” in 
several different ways. This is a potential source of confusion, so 
let's review and summarize these correlation concepts: 


Default correlation is the correlation concept most directly 
related to portfolio credit risk. We formally defined the default 
correlation of two firms over a given future time period as the 
correlation coefficient of the two random variables describing 
the firms’ default behavior over a given time period. 


Asset return correlation is the correlation of logarithmic 
changes in two firms’ asset values. In practice, portfolio 


credit risk measurement of corporate obligations often relies 
on asset return correlations. Although this is in a sense the 
“wrong” correlation concept, since it isn’t default correlation, 
it can be appropriate in the right type of model. For example, 
in a Merton-type credit risk model, the occurrence of default 
is a function of the firm's asset value. The asset return correla- 
tion in a factor model is driven by each firm’s factor loading. 


Equity return correlation is the correlation of logarithmic 
changes in the market value of two firms’ equity prices. The 
asset correlation is not directly unobservable, so in practice, 
asset correlations are often proxied by equity correlations. 


Copula correlations are the values entered into the off-diag- 
onal cells of the correlation matrix of the distribution used in 
the copula approach to measuring credit portfolio risk. Unlike 
the other correlation concepts, the copula correlations have 
no direct economic interpretation. They depend on which 
family of statistical distributions is used in the copula-based 
risk estimate. However, the correlation of a Gaussian copula 
is identical to the correlation of a Gaussian single-factor fac- 
tor models. 


The normal copula has become something of a standard in 
credit risk. The values of certain types of securities, such as 
the standard CDS index equity tranches, as we just noted, 

depend as heavily on default correlation as on the levels of 
the spreads in the index. The values of these securities can 
therefore be expressed in terms of the implied correlation. 


Spread correlation is the correlation of changes, generally in 
basis points, in the spreads on two firms’ comparable debt obli- 
gations. It is a mark-to-market rather than credit risk concept. 


Implied credit correlation is an estimate of the copula correla- 
tion derived from market prices. It is not a distinct “theoreti- 
cal” concept from the copula correlation, but is arrived at 
differently. Rather than estimating or guessing at it, we infer 
it from market prices. Like spread correlation, it is a market, 
rather than credit risk concept. 


8.5 ISSUER AND INVESTOR 
MOTIVATIONS FOR STRUCTURED 
CREDIT 


To better understand why securitizations are created, we need to 
identify the incentives of the loan originators, who sell the under- 
lying loans into the trust in order create a securitization, and of 
the investors, who buy the equity and bonds. These motivations 
are also key to understanding the regulatory issues raised by 
securitization and the role it played in the subprime crisis. 
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Incentives of Issuers 


An important motive for securitization is that it provides a tech- 
nology for maturity matching, that is, for providing term funding 
for the underlying loans. There are two aspects to this motive: 
first, whether lower cost of funding can be achieved via securi- 
tization, and, second, whether, in the absence of securitization, 
the loan originator would have to sell the loans into the second- 
ary market or would be able to retain them on his balance sheet. 
The securitization “exit” is attractive for lenders only if the cost 
of funding via securitization is lower than the next-best alterna- 
tive. If the loans are retained, the loan originator may be able to 
fund the loans via unsecured borrowing. But doing so is gener- 
ally costlier than secured borrowing via securitization. 


Securitizations undertaken primarily to capture the spread 
between the underlying loan interest and the coupon rates of 
the liabilities are sometimes called arbitrage CDOs, while secu- 
ritizations motivated largely for balance sheet relief are termed 
balance sheet CDOs. However, while the motivations are con- 
ceptually distinct, it is hard to distinguish securitizations this way. 


Among the factors that tend to lower the spreads on securitiza- 
tion liabilities are loan pool diversification and an originator's 
reputation for high underwriting standards. Originators that 
have issued securitization deals with less-than-stellar perfor- 
mance may be obliged by the market to pay higher spreads 

on future deals. Issuer spread differentials are quite persistent. 
These factors also enable the issuer to lower the credit enhance- 
ment levels of the senior bonds that have the narrowest spreads, 
increasing the proceeds the issuer can borrow through securiti- 
zation and decreasing the weighted-average financing cost. 


Idiosyncratic credit risk can be hard to expunge entirely from 
credit portfolios, limiting the funding advantage securitization 
can achieve for some lending sectors. This limitation is impor- 
tant for sectors such as credit card and auto loans, where a high 
degree of granularity in loan pools can be achieved. As noted, 
commercial mortgage pools are particularly hard to diversify. 
Residential mortgage pools can be quite granular, but both 
commercial and residential mortgage loans have a degree of 
systematic risk that many market participants and regulators 
vastly underestimated prior to the subprime crisis. 


The interest rates on the underlying loans, the default rate, the 
potential credit subordination level, and the spreads on the 
bonds interact to determine if securitization is economically 
superior to the alternatives. If, as is often the case, the issuer 
retains the servicing rights for the loans, and enjoys significant 
economies of scale in servicing, securitization permits him to 
increase servicing profits, raising the threshold interest rates on 
the liabilities at which securitization becomes attractive. 


Looking now at the originator's alternative of selling the loans 
after origination, secondary trading markets exist for large corpo- 
rate and commercial real estate loans, in which purchasers take an 
ongoing monitoring role. It is more difficult to sell most consumer 
loans to another financial intermediary. One of the impediments 
to secondary-market loan sales is the twin problem of monitoring 
and asymmetric information. The credit quality of loans is hard to 
assess and monitor over the life of the loan. The mere fact that 
the originator is selling a loan may indicate he possesses informa- 
tion suggesting the loan is of poorer quality than indicated by the 
securitization disclosures—the “lemons” problem. The origina- 
tor’s superior information on the loan and the borrower often 
puts him in the best position to monitor the loan and take miti- 
gating action if the borrower has trouble making payments. 


These problems can be mitigated if equity or other subordi- 
nated tranches, or parts of the underlying loans themselves, 

are either retained by the loan originator or by a firm with the 
capability to monitor the underlying collateral. Their first-loss 
position then provides an incentive to exercise care in asset 
selection, monitoring and pool management that protects the 
interests of senior tranches as well. Risk retention has been 
viewed as a panacea for the conflicts of interest inherent in secu- 
ritization and has been enshrined in the Dodd-Frank regulatory 
changes. Rules embodying the legislation have not yet been 
promulgated but will likely bar issuers of most securitizations 
from selling all tranches in their entirety. Other mitigants include 
legal representations by the loan seller regarding the underwrit- 
ing standards and quality of the loans. 


The loan purchaser has legal rights against the seller if these 
representations are violated, for example, by applying lower 
underwriting standards than represented. In the wake of the 
subprime crisis, a number of legal actions have been brought by 
purchasers of loans as well as structured credit investors on these 
grounds. These mitigants suggest the difficulty of economically 
separating originators from loans, that is, of achieving genuine 
credit risk transfer, regardless of how legally robust is the sale of 
the loans into the securitization trust. The ambiguities of credit 
risk transfer also arise in credit derivatives transactions and in 
the creation of off-balance sheet vehicles by intermediaries, and 
contribute to financial instability by making it harder for market 
participants to discern issuers’ asset volume and leverage. 


Incentives of Investors 


To understand why securitizations take place, we also need to 
understand the incentives of investors. Securitization enables 
capital markets investors to participate in diversified loan pools 
in sectors that would otherwise be the province of banks alone, 
such as mortgages, credit card, and auto loans. 
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Tranching technology provides additional means of risk sharing 
over and above diversification. Investors, not issuers, motivate 
credit tranching beyond the issuers’ retained interests. Issuers’ 
needs are met by pooling and securitization—they don’t require 
the tranching. Tranching enables investors to obtain return 
distributions better-tailored to their desired risk profile. A pass- 
through security provides only the benefit of diversification. 


Introducing tranching and structure can reduce default risk for 
higher tranches, though at the price of potentially greater expo- 
sure to systematic risk. Thinner subordinate tranches draw inves- 
tors desiring higher risk and returns. Some securitization tranches 
provide embedded leverage. Thicker senior tranches draw inves- 
tors seeking lower-risk bonds in most states of the economy, but 
potentially severe losses in extremely bad states, and willing to 
take that type of risk in exchange for additional yield. 


However, these features are useful to investors only if they 
carry out the due diligence needed to understand the return 
distribution accurately. Some institutional investors, particularly 
pension funds, have high demand for high-quality fixed-income 
securities that pay even a modest premium over risk-free or 
high-grade corporate bonds. This phenomenon, often called 
“searching” or “reaching for yield,” arises because institutional 
investors deploy large sums of capital, while being required to 
reach particular return targets. Securitization is founded to a 
large extent on institutional demand for senior bonds. In the 
presence of regulatory safe harbors and imperfect governance 
mechanisms, this can lead to inadequate due diligence of the 
systematic risks of securitized credit products. 


Mezzanine tranches, as we have seen, are an odd duck. Depend- 
ing on the default probability, correlation, and tranche size, 

they may behave much like a senior tranche. That is, they have 

a low probability of loss, but high systematic risk; expected loss 
in the event of impairment is high, and impairment is likeliest in 
an adverse scenario for the economy as a whole. They may, in a 
different structure and environment, behave more like an equity 
tranche, with a high probability of impairment, but a respectable 
probability of a low. A mezzanine tranche may also switch from 
one behavior to another. In consequence, mezzanine tranches 
have less of a natural investor base than other securitized credit 
products. One result was that many mezzanine tranches were 
sold into CDOs, the senior tranches of which could be sold to 
yield-seeking investors uncritically buying structured products 
on the basis of yield and rating. 


Fees also provide incentives to loan originators and issuers to 
create securitizations. A financial intermediary may earn a higher 
return from originating and, possibly, servicing loans than from 
retaining them and earning the loan interest. Securitization then 
provides a way for the intermediary to remove the loans from 


its balance sheet after origination. This motivation is related 

to regulatory arbitrage. For example, an intermediary may be 
able to retain some of the risk exposure and return from a loan 
pool while drastically reducing the regulatory capital required 


through securitization. 


Off-balance sheet vehicles, and thus, ultimately, money market 
mutual funds, were also important investors in securitizations. 


Further Reading 


Rutledge and Raynes (2010) is a quirky, but comprehensive, 
overview of structured finance, with particularly useful mate- 

rial on legal and structure issues. Textbook introductions to 
structured credit products include the somewhat untimely-titled 
Kothari (2006) and (2009), and Mounfield (2009). Meissner (2008) 
is a useful collection of articles on structured credit. Many of the 
references following Chapters 6 and 7 are also useful here. 


Gibson (2004) provides a similar analysis to that this chapter of 
a structured credit product, but focusing on synthetic CDOs and 
carrying out the analysis using the single-factor model. Duffle 
and Garleanu (2001) is an introduction to structured product 
valuation. Schwarcz (1994) is an introduction from a legal stand- 
point, which is important in all matters pertaining to credit and 
particularly so where securitization is concerned. 


Gibson (2004) and Coval, Jurek, and Stafford (2009) discuss the 
embedded leverage in structured products and the motivations 
of investors. Zimmerman (2007), Ashcraft and Schuermann (2008) 
and Gorton (2008) provide thorough discussions of the securiti- 
zation markets for subprime residential mortgages. Ashcraft and 
Schuermann (2008) also provide a detailed accounting of the 
information cost, monitoring, and other conflict-of-interest issues 
arising at different stages of the securitization. The discussion is 
useful both for the risk analysis of securitizations and as an illus- 
tration of the role of information cost issues in credit transactions 
generally. Benmelech and Dlugosz (2009) describes the ratings 
process for a class of structured products, 


Li (2000) was an early application of copula theory to structured 
credit modeling. Tranche sensitivities are explained in Schloeg| 
and Greenberg (2003). 


Belsham, Vause, and Wells (2005); and Amato and Gyntelberg 
(2005) are introductions to credit correlation concepts. O’Kane 
and Livesey (2004), Kakodkar, Martin, and Galiani (2003), and 
Kakodkar, Galiani, and Shchetkovskiy (2004) are introductions by 
trading desk strategists to structured credit correlations. Amato 
and Remolona (2005) discusses the difficulty, compared with 
equities, of reducing idiosyncratic risk in credit portfolios and 
applies this finding to the risk of structured credit. 


184 E Financial Risk Manager Exam Part Il: Credit Risk Measurement and Management 


and Beyond 


E Learning Objectives 


After completing this reading you should be able to: 


© Describe counterparty risk and differentiate it from 
lending risk. 


© Describe transactions that carry counterparty risk 
and explain how counterparty risk can arise in each 
transaction. 


© Identify and describe institutions that take on significant 
counterparty risk. 


© Describe credit exposure, credit migration, recovery, 
mark-to-market, replacement cost, default probability, 
loss given default, and the recovery rate. 


Counterparty Risk 9 


Describe credit value adjustment (CVA) and compare the 
use of CVA and credit limits in evaluating and mitigating 
counterparty risk. 


Identify and describe the different ways institutions can 
quantify, manage, and mitigate counterparty risk. 


Identify and explain the costs of an OTC derivative. 


Explain the components of the X-Value Adjustment 
(xVA) term. 


Excerpt is Chapter 3 of The xVA Challenge: Counterparty Credit Risk, Funding, Collateral, and Capital, Fourth Edition, by Jon Gregory. 


To download the spreadsheets, visit https://cvacentral.com/books/credit-value-adjustment/spreadsheets/ and click link to Chapter 3 


exercises for Fourth Edition 
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9.1 COUNTERPARTY RISK 


Counterparty credit risk (often known just as counterparty risk) is 
the risk that the entity with whom one has entered into a finan- 
cial contract (the counterparty to the contract) will fail to fulfil 
their side of the contractual agreement (e.g. they default). 


Counterparty risk is primarily associated with the following 
situation: 


e over-the-counter (OTC) derivatives; 


e bilaterally cleared; and 
e uncollateralised. 


However, it is also important to consider the following cases, 
where some form of margining or collateralisation is always 
present: | 


e exchange-traded derivatives (which are always centrally 
cleared and typically margined on a daily basis); 


e securities financing transaction (e.g. repos), which are mar- 
gined on a daily basis and sometimes centrally cleared; 


e centrally-cleared OTC derivatives, which are margined on a 
daily basis; and 


e collateralised OTC derivatives, where margining is reflected 
via some bespoke collateral agreement. 


The above cases have less counterparty risk due to a combina- 
tion of collateralisation, central clearing, and maturity dates (for 
example, exchange-traded derivatives and securities financing 
transactions are typically short-dated). Whilst some of the above 
cases may be thought to have relatively minor counterparty 

risks, this may relate to a large underlying position. The obvious 
example of this is centrally-cleared OTC derivatives which are gen- 
erally believed to represent a small counterparty risk, but where 
the notional position of a bank to a central counterparty could be 


extremely large. 


9.1.1 Counterparty Risk versus 
Lending Risk 


Traditionally, credit risk can generally be thought of as a lending 
risk. One party owes an amount to another party and may fail 
to pay some or all of this due to insolvency. This can apply to 


1 Margin is generally associated with exchange-traded derivatives, and 
collateral with OTC derivatives. Margin generally represents a require- 
ment to settle or collateralise, whilst collateral refers to the actual 

cash or securities used to do this. The terms margin and collateral are 
often used interchangeably in the context of derivatives and related 
transactions. 


loans, bonds, mortgages, credit cards, and so on. Lending risk is 
characterised by two key aspects: 


e The notional amount at risk at any time during the lending 
period is usually known with a degree of certainty. Market 
variables such as interest rates will typically create only mod- 
erate uncertainty over the amount owed. For example, in 
buying a bond, the amount at risk for the life of the bond is 
close to par. A repayment mortgage will amortise over time 
(the notional drops due to the repayments), but one can 
predict with good accuracy the outstanding balance at some 
future date. A loan or credit card may have a certain maxi- 
mum usage facility, which may reasonably be assumed fully 
drawn for the purpose of credit risk.? 


e Only one party takes lending risk. A bondholder takes con- 
siderable credit risk, but an issuer of a bond does not face a 
loss if the buyer of the bond defaults.? 


With counterparty risk, as with all credit risk, the cause of a loss 
is the obligor being unable or unwilling to meet contractual 
obligations. However, two aspects differentiate contracts with 
counterparty risk from traditional credit risk: 


e The value of the contract in the future is uncertain, in most 
cases significantly so. The value of a derivative at a poten- 
tial default date will be the net value of all future cash flows 
required under that contract. This future value can be posi- 
tive or negative and is typically highly uncertain (as seen from 
today). 


e Since the value of the contract can be positive or negative, 
counterparty risk is typically bilateral. In other words, in a 
derivatives transaction, each counterparty has risk to the 
other. Note that this counterparty risk may be asymmetric 
(if the transaction has an asymmetric profile,* or if the coun- 
terparties have significantly different credit quality and/or 


margining/collateralisation terms).° 


9.1.2 Settlement, Pre-settlement, 
and Margin Period of Risk 


A derivatives portfolio contains a number of settlements equal 
to multiples of the total number of transactions (for example, 


2 On the basis that an individual unable to pay is likely to be close to any limit. 
3 This is not precisely true in the case of bilateral counterparty risk (DVA). 


4 For example, an option position with an upfront premium creates 
counterparty risk for only the option buyer. 


> For example, one party may be required to post more collateral than 
the other. 


186 E Financial Risk Manager Exam Part Il: Credit Risk Measurement and Management 


Uncollateralised risk 


Collateralised risk 


Exposure 


Remaining maturity 


Margin period | 
of risk 


GEESE illustration of pre-settlement and settlement risk. 
Note that the settlement period is normally short (e.g. hours) 
but can be much longer in some cases. Also shown is the 
margin period of risk (MPoR), which is discussed below. 


a swap contract will have a number of settlement dates as 
cashflows are exchanged periodically). There may also be a 
contractual exchange of collateral which is partly related to 
settlements because a cash flow payment may trigger a mar- 
gin requirement. Historically, this led to the definition of two 
components covering the risk of default of the counterparty 
prior to expiration (settlement) of the contract and the risk of 
a counterparty default during the settlement process. 


e Pre-settlement risk. This is the risk that a counterparty will 
default prior to the final settlement of the transaction. This 
is what counterparty risk usually refers to, and it is rarely 
referred to as pre-settlement risk nowadays (which somewhat 


understates its importance). 


e Settlement risk. This arises at settlement times (and is often 
especially relevant at the maturity date) due to timing dif- 
ferences between when each party performs its obligations 
under the contract. 


The difference between pre-settlement and settlement risk is 
illustrated in Figure 9.1. 


Unlike counterparty risk, settlement risk is characterised by a 
very large exposure, potentially 100% of the notional of the 
transaction. Whilst settlement risk gives rise to much larger 
exposures, default prior to the expiration of the contract is 
substantially more likely than default at the settlement date. 
However, settlement risk can be more complex when there is a 
substantial delivery period (for example, a commodity contract 
settled in cash against receiving a physical commodity over a 
specified time period). 


Settlement risk 


| 


Settlement 


Time 


Example 


Suppose an institution enters into a forward foreign 
exchange (FX) contract to exchange €1m for $1.1m 
at a specified date in the future. The settlement risk 
exposes the institution to a substantial loss of $1.1m, 
which could arise if €1m was paid, but the $1.1m was 
not received. However, this only occurs for a single 
day on expiry of the FX forward. This type of cross- 
currency settlement risk is sometimes called Herstatt 
risk (see box below). Pre-settlement risk exposes 

the institution to just the difference in market value 
between the dollar and euro payments. If the FX rate 
moved from 1.1 to 1.15, then this would translate into 
a loss of about $45,000, but this could occur at any 
time during the life of the contract. 


Whilst all derivatives technically have both settle- 
ment and pre-settlement risk, the balance between 
the two will be different depending on the contract. 
Spot contracts have mainly settlement risk, whilst long-dated 
OTC derivatives have mainly pre-settlement (counterparty) risk. 
Furthermore, various types of netting (see Chapter 10) provide 
mitigation against settlement and pre-settlement risks. From 
now on, the term ‘counterparty risk’ will be used instead of 
‘pre-settlement risk’. 


BANKHAUS HERSTATT 


A well-known example of settlement risk is the failure of a 
small German bank, Bankhaus Herstatt. On 26 June 1974, 
the firm defaulted, but only after the close of the German 
interbank payments system (3:30 pm local time). Some of 
Bank Herstatt’s counterparties had paid Deutschmarks to 
the bank during the day, believing they would receive US 
dollars later the same day in New York. However, it was 
only 10:30 am in New York when Bank Herstatt’s banking 
business was terminated, and consequently all outgoing 
US dollar payments from their account were suspended, 
leaving counterparties exposed to losses. 


Settlement risk typically occurs for only a small amount of time 
(often just days or even hours). It is therefore clearly more rel- 
evant for shorter maturity transactions such as those that are 
exchange-traded. Indeed, spot transactions essentially have only 
settlement risk. In long-dated OTC derivatives, the length of 
time for the settlement is very short compared to the remaining 
maturity, although it is important to remember that the expo- 
sure for settlement risk can be significantly higher, as illustrated 
in the FX example above. 
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To measure settlement risk to a reasonable degree 


of accuracy would mean considering the contractual 4 sated aril 
payment dates, the time zones involved, and the £ | T 
time it takes for the bank to perform its reconcili- 9 | 
ations across accounts in different currencies. Any i 
failed trades should also continue to count against Cashflow(s) yo cabo 
settlement exposure until the trade actually settles. soltiod out) 
Institutions typically set separate settlement risk aii S 3 Vs 
limits and measure exposure against this limit rather WAL Y * Ke Ie we 
than including settlement risk in the assessment of i Fea Bas a 
counterparty risk. It may be possible to mitigate Tine » 
settlement risk, for example, by insisting on receiving f PRN 

GESE] Illustration of the spike in exposure created by a 


cash before transferring securities. 


cash flow payment and subsequent delay before collateral is 


Settlement risk is a major consideration in FX 
markets, where the settlement of a contract involves 
payment of one currency against receiving the other. Most FX 
now goes through continuous linked settlement (CLS),ĉ and 
most securities settle using delivery versus payment (DVP),” but 
there are exceptions such as cross-currency swaps, and 
settlement risk should be recognised in such cases. 


Another important and related component is the margin period 
of risk (MPoR). This refers to the risk horizon when collateralised/ 
margined (due to the imperfect nature of this process). The 
standard assumption used for this value in collateralised bilateral 
OTC derivatives is 10 business days. Centrally-cleared OTC 
derivatives (which are subject to daily margining) have a shorter 
value of five days. This reduces counterparty risk because the 
MPoR will typically be significantly shorter than the remaining 
maturity of the portfolio. However, collateralised/margined 
portfolios still have material counterparty risk. Furthermore, 
there is an important interaction between settlement risk 

and the counterparty risk on a collateralised portfolio since 
each (net) settlement will change the underlying value of the 
portfolio. If this valuation change is positive, then the portfolio 
value increases, which will be uncollateralised until collateral can 
be received. This, therefore, can intuitively create a ‘collateral 
spike’ for the duration of the MPoR (Figure 9.2). If the cash flow 
and collateral payments were netted, then this would not be 

a problem. Whilst this netting is common in exchange-traded 
markets, it does not occur in OTC derivatives markets, where 
historically the collateral has not needed to be paid in cash. 


Note that, by convention, the above risk is typically character- 
ised as counterparty risk even though it has features which are 
similar to settlement risk. 


é A multicurrency cash settlement system, see www.cls-group.com. 


7 Delivery versus payment where payment is made at the moment of 
delivery, aiming to minimise settlement risk in securities transactions. 


received (or the derivative is closed out in the event of a default). 


Certain features of margining/collateralisation can also create 
settlement risk. For example, central counterparties typically 
require margin to be posted in cash in each relevant currency. 
This creates currency silos across a multicurrency portfolio, 
which can lead to more settlement risk and associated liquid- 
ity problems, as parties have to post and receive large cash 
payments in different currencies. 


9.1.3 Mitigating Counterparty Risk 


There are a number of ways of mitigating counterparty risk. 
Some are relatively simple contractual risk mitigants, whilst 
other methods are more complex and costly to implement. 
Obviously no risk mitigant is perfect, and there will always be 
some residual counterparty risk, however small. Furthermore, 
quantifying this residual risk may be more complex and subjec- 
tive than the counterparty risk itself. In addition to the residual 
counterparty risk, it is important to keep in mind that risk 
mitigants do not remove counterparty risk per se, but instead 
convert it into other forms of financial risk, some obvious 
examples being: 


e Netting. Netting allows components such as cash flows, val- 
ues, and margin or collateral payments to be offset across a 
given portfolio. There are a number of forms of netting, such 
as cash flow netting, close-out netting, and multilateral trade 
compression, which may be applied bilaterally or multilater- 
ally, as explained in more detail in Section 10.2.4. However, 
netting creates legal risk in cases where a netting agreement 
cannot be legally enforced in a particular jurisdiction. 


e Collateralisation. Collateral or margin agreements (Section 11.3) 
specify the contractual posting of cash or securities against 
mark-to-market (MTM) losses. Margining terms are similar but 
are usually associated with a cash settlement or posting. There 
is still a residual market risk since exposure exists in the time 
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(Section 17.6.6). exchange derivatives 
E ea E nEne Ota oe | Figure 9.3 | Split of CVA by asset class (average across all respondents). 


tures, such as resets or additional ter- 
mination events (Section 11.1.1), aim to 
reset MTM values periodically or terminate transactions early. 
Like margining/collateral, these can create operational and 
liquidity risks. 

e Hedging. Hedging counterparty risk with instruments such 
as credit default swaps (CDSs) aims to protect against 
potential default events and adverse credit spread move- 
ments. Hedging creates operational risk and additional 
market risk through the MTM volatility of the hedging 
instruments. Hedging may lead to systemic risk through 
feedback effects. 


e Central counterparties (CCPs). CCPs guarantee the perfor- 
mance of transactions cleared through them and aim to be 
financially safe themselves through the margin and other 
financial resources they require from their members. CCPs 
act as intermediaries to centralise counterparty risk between 
market participants. Whilst offering advantages such as risk 
reduction and operational efficiencies, they require the cen- 
tralisation of counterparty risk, significant collateralisation, and 
mutualisation of losses. They can therefore potentially create 
operational and liquidity risks, and also systemic risk since 
the failure of a CCP could amount to a significant systemic 
disturbance. 


Mitigation of counterparty risk is a double-edged sword. On 
the one hand, it may reduce existing counterparty risks and 
contribute to improving financial market stability. On the other 
hand, it may lead to a reduction in constraints such as capital 
requirements and credit limits and therefore lead to a growth 
in volumes. Indeed, without risk mitigants such as netting and 
collateralisation, the OTC derivatives market would never have 
developed to its current size. Furthermore, risk mitigation 
should really be thought of as risk transfer since new risks and 
underlying costs are generated. 


Source: Deloitte/Solum CVA Survey, 2013. 


9.1.4 Product Type 


As already mentioned, most counterparty risk arises from bilat- 
eral OTC derivatives. The above can be seen when looking at 
the averaged response from banks on their counterparty risk 
(measured by credit value adjustment, CVA) broken down by 
asset class in Figure 9.3. Whilst interest rate products make up 
a significant proportion of the counterparty risk in the market, 
the important (and sometimes more subtle) contributions from 
other products must not be underestimated. In particular, FX 
products have a reasonably large contribution (due to the large 
volatility of FX rates and potentially long maturity dates, espe- 
cially of cross-currency swaps) as do CDSs (potentially due to 
wrong-way risk). 


Note that the above breakdown contains counterparty risk from 
OTC derivatives that are collateralised (bilaterally, at least) since, 
for example, all credit derivatives will be transacted under collateral 
agreements. It is also important to note that, whilst large global 
banks have exposure to all asset classes, smaller banks may have 
more limited exposure (for example, mainly interest rate and some 
FX products). End users may also have limited exposure: for exam- 
ple, a corporation may use only interest rate and cross-currency 


swaps. 


Most banks do not give a breakdown of their counterparty risk, 
but one exception is shown in Figure 9.4, which gives a useful 
decomposition (of CVA) by rating and sector (i.e. counterparty 
type). The counterparty risk faced with high-quality credits is 
generally small due to the low default probability. Financial 
institutions also represent a relatively small part due to relatively 
good credit quality and the fact that most of these transactions 
are probably collateralised. The majority of the counterparty 
risk is faced with respect to medium credit ratings (BBB to A-) 
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and sector. 


Source: Royal Bank of Scotland Annual Report (2016). www.rbs.com. 


and corporates and governments, most of which is likely to be 
uncollateralised. The reasonably small exposure (given their 
high default probability) to non-investment-grade counterpar- 
ties is probably due to a partial reluctance to trade with such 


entities. 


Over the years, the quantification of counterparty risk has devel- 
oped, with one aspect being the coverage of different situa- 
tions. For example, in the past a bank may have focused only on 
relatively poor credits and uncollateralised counterparties, ignor- 
ing the remainder for materiality reasons. This is clearly not the 
case in Figure 9.4. However, some aspects may receive attention 
over the coming years, one obvious example being the counter- 
party risk faced with CCPs. 


9.1.5 Credit Limits 


To control and quantify counterparty risk, it is first important to rec- 
ognise that it varies substantially depending on aspects such as the 
transaction and counterparty in question. In addition, it is important 
to give the correct benefit arising from the many risk mitigants (such 
as netting and margining/collateral) that may be relevant. Control of 
counterparty risk has traditionally been the purpose of credit limits. 


However, credit limits only limit counterparty risk and, whilst this 
is clearly the first line of defence, there is also a need to cor- 
rectly quantify and ensure that an institution is being correctly 
compensated for the counterparty risk they take. This is achieved 


via CVA, which has been used increasingly in recent years as a 
means of assigning an economic value to the counterparty risk 
and/or complying with accounting requirements. In some cases, 
this CVA is actively managed, such as through hedging. 


Broadly speaking, there should be three levels to assessing the 
counterparty risk of a transaction: 


e Trade level. Incorporating all characteristics of the trade and 
associated risk factors such as the precise cash flows. This 
defines the counterparty risk of a trade at a ‘standalone’ level. 


e Counterparty level. Incorporating the impact of risk mitigants 
such as netting and margining/collateral for each counter- 
party (or netting set) individually. This defines the incremental 
impact a transaction has with respect to the existing portfolio. 


e Portfolio level. Consideration of the risk to all counterparties, 
knowing that only a small fraction may default in a given time 
period. This defines the impact a trade has on the total coun- 
terparty risk faced by an institution. 


Credit limits (or credit lines) are a traditional tool to control 

the amount of counterparty risk taken over time. Counterparty 
risk can be diversified by limiting exposure to any given coun- 
terparty, sector, or region. This limit would naturally consider 
elements such as the underlying credit risk. By trading across a 
greater number of counterparties, sectors, and regions, an insti- 
tution is less exposed. Such diversification across counterparties 
is not always practical due to the specialisation and relationships 
within an institution. In such cases, exposures can become exces- 
sively large and should be, if possible, mitigated by other means. 


The basic idea of credit limits is illustrated in Figure 9.5. The idea 
is to characterise the potential future exposure (PFE) over time 
and compare this with a pre-determined limit. 


The PFE represents a bad scenario at a certain statistical confi- 
dence level. The credit limit will be set subjectively according to 
the risk appetite of the institution in question. It may be time- 
dependent, reflecting the fact that exposures at different times 
in the future may be considered differently. 


Note that for simple lending transactions such as loans, the 
definition of PFE is relatively trivial since it will be approximately 
equal to the size of the transaction. However, for more complex 
transactions such as derivatives, the definition is much more 
complicated and will require quantitative modelling. PFE will be 
described in more detail in Chapter 11 but, broadly speaking, 
the following aspects must be accounted for in its quantification: 


e the transaction(s) in question; 


e the relevant portfolio being considered (typically credit lim- 
its are defined by the counterparty, but sector and regional 


views may also be used); 


e the current relevant market variables (e.g. interest rates and 
volatilities); and 
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of counterparty risk. 


e contractual risk mitigants (for example, netting, collateral, 
and hedges). 


Credit limits will often be reduced over time (as shown), effec- 
tively favouring short-term over long-term PFE. This is due to the 
chance that credit quality may deteriorate over a long horizon. 
Indeed, empirical and market-implied default probabilities for 
good-quality (investment-grade) institutions tend to increase 
over time, which suggests the reduction of a credit limit. Note 
that credit limits should be conditional on non-default before the 
point in question because the possibility of an earlier default is 
captured via a limit at a previous time. 


Credit limits are typically used to assess trading activity on a 
dynamic basis. Any transaction activity (new trades, unwinding or 
restructuring trades) that would breach a credit limit at any point 
in the future is likely to be refused unless specific approval is 
given. From this point of view, it is the incremental change in the 
PFE that is relevant. The incremental PFE is the value after the 
new transaction is added minus the value before. Due to portfo- 
lio effects, this is smaller than the standalone PFE for the trans- 
action in question. Indeed, for risk-reducing trades, the overall 
impact can be to reduce the portfolio PFE. 


Note that limits could be breached for two reasons: due to either 
a new transaction or market movements. The former case is eas- 
ily dealt with by refusing transactions that would cause a limit 
breach (unless special approval is given via an escalation). The 
latter is more problematic, and banks sometimes have concepts 
of hard and soft limits; the latter may be breached through mar- 
ket movements (but not new transactions), whereas a breach of 
the former would require remedial action (e.g. transactions must 
be unwound or restructured, or hedges must be sourced). For 
example, a credit limit of $10m (‘soft limit’) might restrict trades 
that cause an increase in PFE above this value and may allow the 


------ Credit limit 


PFE to move up to $15m (‘hard limit’) as 

a result of changes in market conditions. 
When close to a limit, only risk-reducing 
transactions may be approved. Due to the 
directional nature of end users’ activity in 
OTC derivatives, this is often a challenge.® 


Credit limits allow a consolidated view 

of exposure with each counterparty and 
represent the first step in portfolio counter- 
party risk management. However, they are 
rather binary in nature, which is problem- 
he atic. Sometimes a given limit can be fully 
utilised, preventing transactions that may 
be more profitable. Banks have sometimes 
built measures to penalise transactions 
(requiring them to be more profitable) 
close to (but not breaching) a limit, but 
these are generally quite ad hoc. 


9.1.6 Credit Value Adjustment 


Traditional counterparty risk management via credit limits works 
in a relatively binary fashion: the incremental risk of a new trans- 
action is of primary importance, and its relative profitability is a 
secondary consideration. This can lead to the incorrect incen- 
tives being given: for example, a transaction with low (high) prof- 
itability may be accepted (rejected) because the existing credit 
limit utilisation is small (large). 


CVA represents the actual price of counterparty risk and is, 
therefore, a step forward since, from an approval point of view, 
the question becomes whether or not it is profitable once the 
counterparty risk component has been ‘priced in’. Put another 
way, CVA directly incorporates the credit risk of the counterparty 
and so defines a minimum revenue that should be achieved. In 
some sense, with credit limits, the CVA is either zero (transaction 


accepted) or infinity (transaction rejected). 


Like PFE, an important aspect of CVA is that it is a portfolio- 
level — specifically counterparty-level — calculation.” CVA should 
be calculated incrementally by considering the increase (or 
decrease) in exposure capturing netting effects due to any exist- 
ing trades with the counterparty. This means that CVA will be 
additive across different counterparties and does not distinguish 
between counterparty portfolios that are highly concentrated. 
Such concentration could arise from a very large exposure with 


8 Woolner, A. (2015). Consumers exceeding bank credit lines slows oil 
hedging. Risk (2 April). www.risk.net. 


? Strictly speaking, it is a netting-set-level calculation as there can 
possibly be more than one netting agreement with a given counterparty. 
This is discussed in more detail in Section 10.3. 
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manage counterparty risk. 


a single counterparty, or exposure across two or more highly- 
correlated counterparties (e.g. in the same region or sector). 


Traditional credit limits and CVA have their own weaknesses. 
CVA focuses on evaluating counterparty risk at the trade level 
(incorporating all specific features of the trade) and counter- 
party level (incorporating risk mitigants). In contrast, credit limits 
essentially act at the portfolio level by limiting exposures to 
avoid concentrations. When viewed like this, we see that CVA 
and credit limits act in a complementary fashion, as illustrated 

in Figure 9.6. Indeed, CVA encourages minimising the number 
of trading counterparties since this maximises the benefits of 
netting, whilst credit limits encourage maximising this number 
to encourage smaller exposures and diversification. Hence, CVA 
and credit limits are typically used together as complementary 
ways to quantify and manage counterparty risk. In practice, this 
means that the credit risk department in a bank will approve a 
trade (or not) and then (if approved) the ‘xVA desk’ will price in 
the CVA component before transacting. 


9.1.7 What Does CVA Represent? 


The price of a financial product can generally be defined in one 


of two ways: 


e The price represents an expected value of future cash flows, 
incorporating some adjustment for the risk being taken (the 
risk premium). We will call this the actuarial price. 


e The price is the cost of an associated hedging strategy. This 
is the risk-neutral (or market-implied) price. 


The latter is a well-known concept for banks in pricing deriva- 
tives, whereas the former is more common in other areas, most 


obviously insurance. 


On one hand, CVA is associated mainly with derivatives for which 


risk-neutral pricing is standard, and there are ways in which 
CVA can be hedged. On the other hand, credit risk in banks is 


often assessed in more of an actuarial framework, due to being 
often illiquid and unhedgeable. Historically, the practices of 
banks have reflected this dichotomy: in the past, it was common 
to see the actuarial approach being followed, where CVA was 
interpreted as a statistical estimate of the expected future losses 
from counterparty risk and held as a reserve (analogous to a loan 
loss reserve in a bank). More recently, CVA is typically defined 

in a risk-neutral fashion, interpreted as the market cost of coun- 
terparty risk and closely associated with hedging strategies. 

The more sophisticated and larger banks were much quicker to 
adopt this risk-neutral approach. 


In recent years, the risk-neutral approach to CVA has become 
dominant. The drivers for this have been: 


e Market practice. Larger banks, in particular those in the 
US, were early adopters of the risk-neutral CVA approach. 
This would then be seen by other banks via aspects such as 
prices for ‘novations’ (where one party contractually replaces 
another in a transaction). 


In practical terms, this could mean that a bank stepping into 
another bank's shoes on a given client portfolio would price the 
CVA differently, which in turn would lead the original bank to 
question whether their CVA calculation was market standard. 


e Accounting. FAS 157 and IFRS 13 accounting standards 
clearly reference an exit price concept and imply the use of 
risk-neutral default probabilities, and this has increasingly 
been the interpretation of auditors. Note that US and Cana- 
dian banks reporting under FAS 157 were early adopters of 
risk-neutral CVA at a time when many European banks (then 
under IAS 39 accounting standards) still used actuarial CVA. 
The introduction of IFRS 13 (outside the US) from 2013 has 
tended to create convergence here. However, the exit price 
concept also generally requires an institution’s own credit 
spread to be recognised via debt value adjustment (DVA), 
which is generally seen as problematic. 


e Basel Ill. Capital rules clearly define CVA with respect to 
credit spreads and therefore advocate the risk-neutral 
approach. However, these do not permit DVA, which creates 
a conflict with accounting standards. 


e Regulators opinions. Local regulators have also commented 
on the need to use credit spreads when calculating CVA. 
A typical statement is: ‘it is not acceptable to have CCR 
[counterparty credit risk] models based on expected 
loss or historical calculations ignoring risk premia’ and 
‘market-implied credit risk premia can be observed from 
active markets like CDSs and bonds’.'° 


10 Translated from FMA (2012). 


192 E Financial Risk Manager Exam Part Il: Credit Risk Measurement and Management 


PFE 


ee 


CDS notional 


Credit limit 


Time 


Illustration of CDS hedging in order to 
increase a credit limit. 


The result of the above is that it is now increasingly uncommon 
to see historical default probabilities used in the calculation of 
CVA (although other historical parameters are still more com- 
monly used). For example, even as far back as 2012, a survey by 


Ernst and Young commented: 


Two banks use a blended approach, combining market and 
historical data, and four banks use primarily historical data, 
which is generally consistent with their Basel II reporting. 
Given the requirements of IFRS 13, these six banks are pre- 
paring for a potential move to a more market-driven meth- 
odology for CVA, recording a DVA on derivative liabilities, 


and amending their hedging policies in the near future."! 


This does raise the question of how to define risk-neutral default 
probabilities when no traded credit spread is observed. 


9.1.8 Hedging Counterparty Risk 
and the CVA Desk 


The growth of the credit derivatives market facilitated the poten- 
tial hedging of counterparty credit risk. A single-name CDS is 
essentially an insurance contract against a certain notional value 
of credit risk which pays out in the event of a pre-defined credit 
event. One very straightforward use of hedging (Figure 9.7) 
could be to buy CDS protection on the counterparty in ques- 
tion so as to increase the credit limit.'* This is often known as a 
‘jump-to-default’ hedge. More tailored credit derivative products 
such as contingent CDSs (CCDSs) and risk participation agree- 
ments (RPAs) have been designed to hedge counterparty risk 
even more directly. CCDSs and RPAs are essentially CDSs but 


17 
www.ey.com. 


12 There are some technical factors that should be considered here, such 
as the possibility of wrong-way risk (Section 17.6). 
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with the notional of protection indexed to the exposure on a 
contractually-specified derivative (or even portfolio of deriva- 
tives). They allow the synthetic transfer of counterparty risk 
linked to a specific trade and counterparty to a third party. 
However, whilst CCDSs and RPAs are used to share the risk of 
new transactions, the underlying market has never developed 
any significant liquidity. Even the single-name CDS market is 
relatively illiquid and covers only a relatively small population of 
reference entities. 


More practically, hedging of CVA is done on a dynamic basis 
with reference to credit spreads (often via CDS indices, which are 
more liquid than single-name CDSs) and other dynamic market 
variables (interest rates, FX rates, etc.). 


As CVA has become a more central concept from an account- 
ing and regulatory point of view, and as hedging has become 
more practical via credit derivatives, the concept of a CVA 
desk in banks has emerged. Indeed, in the largest banks, this 
can be traced back to as early as the late 1990s. The general 
role of a CVA desk in a bank (Figure 9.8) is to price and poten- 
tially own the underlying counterparty risk from the originat- 
ing trading or sales desk, although the precise set-up differs 
across different banks, especially between larger and smaller 
ones. Not surprisingly, this has broadened in recent years to 
consider other aspects such as collateral, funding, and capital, 
and so the term ‘xVA desk’ or ‘central desk’ has become more 
common. 


9.2 BEYOND COUNTERPARTY RISK 


9.2.1 Overview 


In the aftermath of the global financial crisis (GFC), the per- 
ceived problems with derivatives and counterparty risk led to a 
significantly-increased interest in CVA, especially from regulators. 
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At around the same time, accounting changes made CVA more 
of a key component of the valuation. 


However, related to these changes, other aspects started to 
gain considerable interest, some of which are related to funding 
or capital costs and all of which are linked to the existence of 
counterparty risk: 


e Funding. Institutions face funding costs because they need to 
borrow to finance their activities. Funding costs are directly 
related to credit and counterparty risk because the greater 
the risk on the balance sheet, the greater the cost of funding 
it will be. 


e Collateral. Collateral posted contractually against products 
such as derivatives to mitigate counterparty risk may also 
create a cost or benefit depending on its type (e.g. currency, 
type of security). 


e Initial margin. Some situations, such as central clearing, require 
the posting of initial margin in order to mitigate counterparty 
risk. This initial margin represents over-collateralisation and 
represents a funding cost. 


e Regulatory capital. Banks face regulatory capital requirements 
for counterparty risk and CVA. 


9.2.2 Economic Costs of a Derivative 


We can generalise the discussion on counterparty risk to consider 
all relevant economic costs associated with a contract/portfolio, 
such as a derivative, as illustrated in Figure 9.9. In order to do this, 


we need to use the definition of a threshold that defines the point 
at which margin/collateral would be posted, and this is explained 
in more detail in Section 11.3.4. The explanation of the different 
aspects is as follows: 


e Positive value. When the portfolio has a positive value and is 
‘in the money’ (ITM) (above the centre line), then the uncol- 
lateralised component gives rise to counterparty risk and 
funding costs. If some or all of the value is collateralised, the 
counterparty may be able to choose what type of collateral 
to post (with the range specified contractually). 


e Negative value. When the portfolio has a negative value or 
is ‘out of the money’ (OTM), then there is counterparty risk 
from the party’s own default and a potential funding benefit 
to the extent that their counterparty is uncollateralised. If 
margin is required, the institution may be able to choose the 
type of collateral to post. 


e Overall. Whether or not the portfolio has a positive or nega- 
tive value, there are costs from funding the capital that must 
be held against the transaction and any initial margin that 
needs to be posted. 


Note that there are some inherent symmetries related to the sym- 
metry in derivatives valuation (i.e. the fact that one party's positive 
value should be the other's negative value). An obvious example is 
that one party's CVA cost is the other's DVA benefit (Section 13.3). 
However, these symmetries are not always present: for example, 
capital and initial margin costs are always present and do not pro- 
vide an equal and opposite benefit to the counterparties. 


Lifetime cost of capital and initial margin 


Counterparty 
chooses 


Counterparty collateral to post 
threshold 
Own N Á 
threshold Ghanas 
collateral to 
post 
GTX) Illustration of the lifetime cost of a portfolio in relation to xVA 


components. Note that this representation is general, and in reality margin/ 
collateral thresholds are often zero or infinity. 
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9.2.3 xVA Terms 


Valuation adjustments (VAs) are given the generic term xVA (or 
XVA). An xVA term quantifies the cost (or benefit) of a compo- 
nent such as counterparty risk, collateral, funding, or capital over 
the lifetime of the transaction or portfolio in question (Figure 
9.10). By convention, a cost will be associated with a positive 
value on the y-axis and benefits will, therefore, be represented 
by negative values. In order to compute xVA, it is necessary to 
integrate the profile shown against the relevant cost (or benefit) 
component, such as a credit spread, collateral, funding, or cost 
of capital curve. 


Valuation may start from a base case which may only be rel- 
evant in certain specific cases. Valuation adjustments correct for 


Base valuation ——————_—____—__ >» 


e Own counterparty risk 


Counterparty default risk | 


e Funding costs 
e Funding benefits 


Optionality on collateral posting 
e Non-standard collateral terms 


ColVA 


Cost of holding (regulatory) capital KVA 


CVA + DVA 


| FVA (= FCA + FBA) 


components ignored in the base valuation (Figure 9.11) will be 
defined as follows: 


e CVA and DVA. Defines the bilateral valuation of counterparty 
risk. DVA represents counterparty risk from the point of view 
of a party's own default. These components will be discussed 
in Chapter 17. 


e FVA (funding value adjustment). Defines the cost and benefit 
arising from the funding of the transaction. It is divided into 
two terms: funding cost adjustment (FCA) and funding ben- 
efit adjustment (FBA). 


e CoIVA (collateral value adjustment). Defines the costs and 
benefits from embedded optionality in the collateral agree- 
ment (such as being able to choose the currency or type 
of collateral to post) and any other non-standard collateral 
terms (compared to the idealised starting point). 


e KVA (capital value adjustment). Defines the cost of hold- 
ing capital (typically regulatory) over the lifetime of the 
transaction. 


e MVA (margin value adjustment). Defines the cost of posting 
initial margin over the lifetime of the transaction. 


Note that the above definitions are relatively standard but are 
not the only ones used in the industry. Note also that, even 
given the definitions, there are some elements that could fit into 
one VA or another. For example, since collateral posting must be 
funded, there are components that could be defined as either 
FVA or ColVA. This book will aim to use the most common and 
logical definitions. 


It is also important to note that there are potential overlaps 

between the above terms; for example, between DVA and 
FBA, where own-default risk is widely seen as a fund- 
ing benefit. These overlaps are important and will be 
discussed where relevant. 


9.3 COMPONENTS OF XVA 


9.3.1 Overview 


Counterparty risk represents a combination of market 
risk, which defines the exposure, and credit risk, which 
defines the counterparty credit quality. More gener- 
ally, any valuation adjustment term is made up of a 
market component (directly or indirectly related to the 
base portfolio value) and a cost (or benefit) component 


e Cost of posting initial margin MVA (defining the cost of bearing the market component). 
Actual valuation = - This is outlined in Table 9.1. 
GESA] Illustration of the role of valuation adjustments The important components that define counterparty risk 


(xVAs). Note that some xVAs can be benefits. 


and related metrics will be outlined below. 
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LEIJSCKAF Components of xVA Terms 


Valuation Adjustment Term 


Counterparty Risk CVA/DVA 
Funding FVA 
MVA 
Collateral 
Capital 


9.3.2 Valuation and Mark-to-Market 


A definition of valuation such as MTM is the starting point for 
the analysis of counterparty risk and related aspects. The current 
value does not constitute an immediate liability by one party 

to the other, but rather is the present value of all the payments 
an institution is expecting to receive, less those it is obliged to 
make. It is, therefore, the core component of valuation adjust- 
ments. With respect to the definitions in Table 9.1, the valuation 
defines either directly or indirectly: 


e Credit exposure. The valuation with respect to a particular 
counterparty defines the net value of all positions (if positive) 
and is therefore directly related to what could potentially be 
lost today in the event of a default. This is typically defined as 
credit exposure. 


e Funding position. The valuation defines the size of the asset 
(if positive) or liability (if negative) position and, therefore, is 
linked to the funding position. 

e Initial margin. In the event that initial margin is posted, this is 
typically calculated based on the variability of the valuation. 


e Collateral amount. Since margin is primarily determined 
based on the current value, there is clearly a direct link to the 
cost of collateral. 


e Capital. Methodologies for defining capital are always based 
on the underlying valuation. 


The payments that define the current valuation may be scheduled 
to occur many years in the future and may have values that are 
strongly dependent on market variables. The valuation will be 
positive or negative depending on the transaction(s) in question, 
the magnitude of remaining payments, and current market rates. 
Hence, all of the above components are relevant from both a 
current (spot) and future point of view. Essentially, characteris- 
ing valuation adjustments requires answering the following two 
questions: 


e What is the current valuation? 


e What is the valuation in the future (since, for example, the 
counterparty can default at any point in the future)? 


Market Component Cost Component 


Default probability 


Valuation Funding cost 


Initial margin amount 


Collateral amount Collateral cost 


Capital amount Capital cost 


The first point is clearly simpler to define and needs to be done 
irrespective of the wish to consider valuation adjustments. The 
second point is naturally far more complex to answer than the 
first (except in some simple cases). 


Valuation adjustments may also depend on risk mitigants. Where 
the nature of the risk mitigant is fixed through time, this may be 
relatively straightforward. However, when the risk mitigant itself 
changes over time, this is more complex. For example, margin is 
generally required based on a defined valuation which will change 
over time. It is therefore necessary to be able to calculate the 
future value of required margin as well as the more well-defined 
current margin amount. The future value of collateral securities 
used to fulfil margin requirements should also be quantified. 


Note that there is also a potential recursive problem with the 
above. The valuation is an input parameter for calculating the 
valuation adjustments, and yet the correct valuation should 
include valuation adjustments. One solution to this is to consider 
a base value (without valuation adjustments) and add valuation 
adjustments linearly as a function of this base value. This is often 
used in practice, but it is only an approximation as the real prob- 
lem is non-linear and recursive. 


9.3.3 Replacement Cost and 
Credit Exposure 


Default-related contractual features of transactions, such as 
close-out netting and termination features, refer to replacement 
costs. The base valuation is clearly closely related to replace- 
ment cost, which defines the entry point into an equivalent 
transaction(s) with another counterparty. However, the actual 
situation is more complicated. To replace a transaction, one must 
consider costs such as bid-offer spreads, which may be significant 
for highly-illiquid securities (note that even a standard and liquid 
contract might be non-standard and illiquid at the default time). 
Portfolios can be also be replaced one-for-one or macro-hedged. 


Not surprisingly, documentation of derivatives in a default sce- 
nario has tended generally to aim to reference replacement costs, 
defined as objectively as possible, as opposed to a basic valuation. 
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This implies that real additional costs in replacing or rehedging 

a portfolio can be included in the determination of the amount 
owed (between a surviving and defaulting party) at the default 
time. This will be discussed in more detail in Section 10.3.4. How- 
ever, replacement costs, by their nature, may include valuation 
adjustment terms, such as CVA, leading to the recursive problem 
mentioned above. 


Other aspects are important in this regard, such as the ability to 
net transactions in default and the possibility to adjust positions 
with collateral amounts. Both of these aspects are subject to legal 
agreements and their potential interpretation in a court of law. 


Credit exposure (or simply exposure) defines the loss in the 
event of a counterparty defaulting. Exposure is characterised 

by the fact that a positive value of a portfolio corresponds to a 
claim on a defaulted counterparty, whereas in the event of neg- 
ative value, an institution is still obliged to honour its contractual 
payments (at least to the extent that they exceed those of the 
defaulted counterparty). This means that if an institution is owed 
money and its counterparty defaults, then it will incur a loss, 
whilst in the reverse situation it cannot gain from the default by 
being somehow released from its liability. 13 


Exposure is relevant only if the counterparty defaults and hence 
the quantification of exposure is conditional on counterparty 
default. Having said this, it is often market practice to consider 
exposure independently of any default event and so assume 
implicitly no wrong-way risk. Such an assumption is reasonable 
for most products subject to counterparty risk, although the 
reader should keep the idea of conditional exposure in mind. 
We will then address wrong-way risk, which defines the rela- 
tionship between exposure and counterparty default, in more 
detail in Section 13.6. Note that credit exposure is specific to 
default (and therefore CVA), and other points of view (most 
obviously funding-related) need not be conditional on counter- 
party default. 


9.3.4 Default Probability, Credit Migration, 
and Credit Spreads 


When assessing counterparty risk, one must consider the credit 
quality of a counterparty over the entire lifetime of the relevant 
transactions. Such time horizons can be extremely long. Ulti- 
mately, there are two aspects to consider: 


e What is the probability of the counterparty defaulting over a 


certain time horizon? 4 


13 Except in some special and non-standard cases. 


14 The term ‘defaulting’ is generally used to refer to any ‘credit event' 
that could impact the counterparty. 


e What is the probability of the counterparty suffering a decline 
in credit quality over a certain time horizon (for example, a 
ratings downgrade and/or credit spread widening)? 


Credit migrations or discrete changes in credit quality, such as 
due to rating changes, are crucial since they influence the term 
structure of default probability. They should also be considered 
since they may cause issues even when a counterparty is not yet 
in default. Suppose the probability of default of a counterparty 
between the current time and a future date of (say) one year is 
known. It is also important to consider what the same annual 
default rate might be in four years; in other words, the prob- 
ability of default between four and five years in the future. There 
are three important aspects to consider: 


e Future default probability, '> as defined above, will have a 
tendency to decrease due to the chance that the default may 
occur before the start of the period in question. The proba- 
bility of a counterparty defaulting between 20 and 21 years in 
the future may be very small, not because they are very cred- 
itworthy (potentially quite the reverse), but rather because 
they are unlikely to survive for 20 years! 


e A counterparty with an expectation of deterioration in 
credit quality will have an increased probability of default 
over time (although at some point the above phenomenon 
will reverse this). '® 


e A counterparty with an expectation of improvement in credit 
quality will have a decreasing probability of default over time, 
which will be accelerated by the first point above. 


There is a well-known empirical mean reversion in credit qual- 
ity, as evidenced by historical credit rating changes. This means 
that good-credit-quality (above average) firms tend to dete- 
riorate and vice versa. Hence, a counterparty of good credit 
quality will tend to have an increasing default probability over 
time, whilst a poor-credit-quality counterparty will be more 
likely to default in the short term and less likely to do so in the 
longer term. The term structure of default is very important to 


consider. 


We note finally that default probability may be defined as real 
world or risk-neutral. In the former case, the question is what 

is the actual default probability of the counterparty, and this is 
often estimated via historical data. In the latter case, we calcu- 
late the risk-neutral (or market-implied) probability from market 
credit spreads (for example, via CDSs). It is worth emphasising 
now that risk-neutral default probabilities have become the 


15 Here we refer to default probabilities in a specified period, such as 
annually. 


16 This can refer to a real expectation (historical) or one implied from 
market spreads (risk neutral), as discussed below. 
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standard for CVA calculations in recent years due to a combina- 
tion of accounting guidelines, regulatory rules, and market prac- 
tice (Section 9.1.7). 


9.3.5 Recovery and Loss Given Default 


Exposure calculations, by convention, will ignore any recovery 
value in the event of a default. Hence, the exposure (Section 9.3.3) 
is the loss, as defined by the value or replacement cost that would 


be incurred, assuming no recovery value. 


Recovery rates typically represent the percentage of the out- 
standing claim recovered when a counterparty defaults. An 
alternative variable to recovery is loss given default (LGD), which 
in percentage terms is 100% minus the recovery rate. Default 
claims can vary significantly, and LGD is therefore highly uncer- 
tain. Whilst credit exposure is traditionally measured indepen- 
dently, LGD is relevant in the quantification of CVA. 


In the event of a bankruptcy, the holders of bilateral derivatives 
contracts such as derivatives with the counterparty in default 
would generally be pari passu with the senior bondholders. ' 
OTC derivatives, bonds, and CDSs generally reference senior 
unsecured credit risk and may appear to relate to the same 
LGD. However, this is not always the case, and sometimes there 
are structural reasons why certain contracts would be assumed 


to have a lower LGD (higher recovery) or even vice versa. 


There are timing issues with respect to LGD. When a bond 
issuer defaults, LGD is realised immediately since the bond can 
be sold in the market. CDS contracts are also settled within days 
of the defined credit event via the CDS auction which likewise 
defines the LGD. However, derivatives (unlike bonds) cannot be 
freely traded or sold, especially when the counterparty to the 
derivative is in default. This essentially leads to a potentially dif- 
ferent LGD for derivatives. These aspects were very important in 
the Lehman Brothers bankruptcy of 2008. 


9.3.6 Funding, Collateral, and Capital Costs 


In addition to the cost of taking credit risk measured by a credit 
spread (and LGD), it is necessary to consider the costs associ- 
ated with funding, collateral, and capital. Like credit spreads, 
these components are difficult to assess and may require a 


17 This means they have the same seniority and therefore should expect 
to receive the same recovery percentage. 


combination of qualitative and quantitative considerations. 
Ultimately, though, they will be key inputs in xVA quantification. 


It may be helpful to consider examples where such costs will arise: 


e Funding. Suppose an institution enters into an uncollater- 
alised transaction'® which requires them to make an upfront 
cash payment.'” There is clearly a need to fund this pay- 
ment as it relates to cash flows that will be received later. 

It may be necessary to borrow money (such as by issuing a 
bond) in order to make this upfront payment. There will be 
an associated cost to this, representing the compensation 
that lenders will require. In collateralised transactions, this 
will not be the cash because the margin/collateral will offset 
with other payments (such as the upfront cash payment in 
this example). Initial margin, as overcollateralisation, will not 
offset with any other component and will generate a fund- 
ing requirement. 


e Collateral (margin). Funding will normally be defined as the 
cost of raising cash in a base currency. If the collateral under 
a margining agreement is in a different currency or securities, 
then this will constitute a different interest rate, which should 
be reflected in the valuation. For example, receiving bonds 
may represent a funding benefit, but there will be a repo rate 
that defines the cost of converting these bonds into cash. 
There may also be optionality, where the party required to 
post collateral to meet margin requirements may have a con- 
tractual choice over the currencies and/or securities that can 
be used. 


e Capital. An institution enters into a transaction that causes 
an increase in its capital requirements. In order to raise 
share capital, the institution must pay an implicit return to 
shareholders via dividend payments. They should, therefore, 
consider the cost of the capital required when assessing the 
economics of the transactions. 


Some of the above inputs are objective and quantifiable. For 
example, an institution may be able to observe where their 
bonds are trading in the secondary market and use this as an 
estimate of the cost of raising more funding. However, some 
aspects are more subjective, such as determining what maturity 
of funding is required against a transaction or what dividends 
will be required by shareholders in the future. 


18 If the transactions were collateralised, then the institution would 


probability receive collateral to balance this, as discussed later. 


1? As will be discussed later, even transactions without upfront payments 
have funding considerations, but this example is an easier one to use. 
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Netting, Close-Out 1 0 


and Related Aspects 


@ Learning Objectives 


After completing this reading you should be able to: 


© Explain the purpose of an ISDA master agreement. © Describe the mechanics of termination provisions and 
trade compressions and explain their advantages and 

© Summarize netting and close-out procedures (including disadvantages. 

multilateral netting), explain their advantages and 

disadvantages, and describe how they fit into the © Identify and describe termination events and discuss their 


framework of the ISDA master agreement. potential effects on parties to a transaction. 


© Describe the effectiveness of netting in reducing credit 
exposure under various scenarios. 


Excerpt is Chapter 6 of The xVA Challenge: Counterparty Credit Risk, Funding, Collateral, and Capital, Fourth Edition, 
by Jon Gregory. 
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10.1 OVERVIEW 


This chapter describes the role of netting and close-out in over- 
the-counter (OTC) derivatives markets. Netting is a traditional 
way to mitigate counterparty risk where there may be a large 
number of transactions of both positive and negative value with 
either a single counterparty (bilateral netting) or multiple coun- 
terparties (multilateral netting). Close-out refers to the process 
of terminating and settling contracts with a defaulted counter- 
party. The contractual and legal basis for netting and close-out 
and their impact in terms of risk reduction and impact on valu- 
ation adjustments (xVA) will be described. Some other related 
forms of risk mitigation, such as trade compression and break 
clauses, will also be covered. 


Financial markets, such as derivatives, can be fast moving, with 
some participants (e.g. banks and hedge funds) regularly chang- 
ing their positions. Furthermore, portfolios may contain a large 
number of transactions, which may partially offset (hedge) one 
another. These transactions may themselves require contractual 
exchange of cash flows and/or assets through time. Where there 
are multiple redundant cash flows, these would ideally be simpli- 
fied into a single payment where possible. This is the first role of 
netting, generally called ‘payment or settlement netting’. This 
relates primarily to settlement risk (Section 9.1.2). 


Furthermore, in markets such as derivatives, the default of a 
counterparty — especially a major one such as a large bank — is a 
potentially very difficult event. A given surviving party may have 
hundreds or even thousands of separate bilateral transactions 
with that counterparty. They will need a mechanism to terminate 
their transactions rapidly and replace (rehedge) their overall 
position. The same is true for a central counterparty (CCP), 
which will have a large number of transactions to deal with in 
the event of the default of a clearing member. In such situations, 
it is clearly desirable for a party to be able to offset what it owes 
to the defaulted counterparty against what it itself is owed. This 
is the second role of netting, generally called ‘close-out netting’, 
and relates more directly to counterparty risk. 


In order to understand netting and close-out in more detail, 
consider the situation illustrated in Figure 10.1. Suppose parties 
A and B trade bilaterally and have two transactions with one 
another, each with its own set of cash flows. This situation is 


potentially over-complex for two reasons: 


e Cash flows. Parties A and B are exchanging cash flows or 
assets on a periodic basis in relation to Transaction 1 and 
Transaction 2. However, where equivalent cash flows occur on 
the same day, this requires the exchange of gross amounts, 
giving rise to settlement risk. It would be preferable to amal- 
gamate payments and exchange only a net amount (see 
discussion on settlement risk in Section 10.2.1). 


Trade 1 i 
Ki i B 
Trade 2 


Figure 10.1 | Illustration of the need for netting 


in bilateral markets. 


e Close-out. In the event that either party A or B defaults, the 
surviving party may suffer from being responsible for one 
transaction that has moved against them, but may not be 
paid for the other transaction that may be in their favour. This 
can lead to uncertainty over cash flow payments or the ability 
to replace the transactions with another counterparty. 


In general, netting can be seen as a method of aggregating 
obligations whilst keeping market risk constant (or close to 
constant), but reducing: 


e settlement risk; 

e counterparty risk; 
e operational risk; 

e liquidity risk; and 
e systemic risk. 


We will define netting as being broadly based on either cash 
flows or valuations. 


10.2 CASH FLOW NETTING 
10.2.1 Payment Netting 


Payment netting involves the netting of different payments 
between two counterparties that are (generally) denominated in 
the same currency. Such payments could have arisen from the 
same transaction (e.g. netting the fixed and floating interest rate 
swap payments due on a particular day) or different transactions 
(e.g. two interest rate swaps in the same currency). For example, 
suppose party B must pay party A 100 but also expects to 
receive 60 on the same day (Figure 10.2). It clearly makes sense 
to net these into a single payment of 40. 


The above netting reduces the time and costs associated with 
making payments, which should also reduce operational risk. It 
also reduces the amount that has to be delivered by both parties, 
which should reduce counterparty and liquidity risk. Note that the 
above applies in both bilateral- and centrally-cleared markets. 


Bilaterally, counterparties can also extend payment netting by 
proactively reducing the number of transactions between them by 
removing redundancies such as offsetting positions. This is often 


' Note that the reduction of counterparty risk follows directly through 
the reduction of settlement risk since the future exposure is reduced. 
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Bilateral netting 


One way around the above problem 
is to use a non-deliverable forward 
(NDF) transaction, where the cur- 


No netting 
} 100 - 
A z B A : 
60 
GPE) Illustration of the impact of payment netting. 


known as bilateral compression. Whilst this does not reduce net 
exposure, there are benefits arising from reducing gross exposure, 
notably a reduction in operational costs and legal risk. Further- 
more, certain regulatory methodologies — due to their inherent 
simplicity — can unfairly penalise large gross (but not net) expo- 
sures. There is, therefore, an incentive for counterparties to reduce 
the total notional of their positions and gross exposure even 
without changing their net exposure to one another. The natural 
extension of this to multiple counterparties is achieved through 
multilateral compression (Section 10.2.4). 


10.2.2 Currency Netting and CLS 


Payment netting mitigates settlement risk primarily in a single 
currency. However, settlement risk is also a major consideration in 
foreign exchange (FX) markets, where the settlement of a contract 
involves payment of one currency against receiving the other. Due to 
the different currencies, the payments are made in different markets 
and potentially at different times. Such settlement risk or ‘Herstatt 
risk’ (Section 3.1.2) occurs because of the risk of delivering the entire 
notional in one currency (Nourri) against receiving the notional equiv- 
alent in another currency (Neurrz) (Figure 10.3). 


THE CASE OF KFW BANKENGRUPPE 
(GERMANY'S DUMBEST BANK‘) 


As the problems surrounding Lehman Brothers developed, 
most counterparties stopped doing business with the 
bank. However, government-owned German bank KfW 
Bankengruppe made what they described as an ‘auto- 
mated transfer’ of €350m to Lehman Brothers literally 
hours before the latter’s bankruptcy; not surprisingly, 
Lehman Brothers did not settle the swap with the required 
payment of $500m. This provoked an outcry, with one Ger- 
man newspaper calling KfW ‘Germany's dumbest bank’.2 
Two of the bank’s management board members (one of 
whom has since successfully sued the bank for his subse- 
quent dismissal) and the head of the risk-control depart- 
ment were suspended in the aftermath of the ‘mistake’. 


2 Kulish, N. (2008). German bank is dubbed “dumbest” for transfer to 
bankrupt Lehman Brothers. New York Times (18 September). www 
-nytimes.com. 


B rency exchange is cash-settled based 
on the difference between the NDF 
rate and the prevailing spot FX rate 
applied to the notional. This prevents 

the exchange of the full notional amounts in the two currencies 

and affects payment netting within the contractual terms of the 


transaction. 


It is often inconvenient or impossible to settle the currencies on 

a net basis and so FX transactions need to be settled physically 
via a gross exchange of notional, as in Figure 10.3. In 2002, banks 
developed a continuous linked settlement (CLS) service to reduce 
settlement risk in FX transactions across a range of eligible cur- 
rencies.* For example, Bank A delivers one currency payment to 
CLS Bank, and Bank B delivers the opposite currency to CLS Bank 
(Figure 10.4). Only after both currencies have arrived does CLS 
Bank make the outgoing payments to A and B. This is called pay- 
ment versus payment (PVP). Parties still make the intended cash 
flows, but CLS ensures that one cannot occur without the other. 


The use of CLS Bank can also provide operational efficiencies. 
For example, payments in the same currency may be netted 
multilaterally across multiple transactions settling on the same day. 


The KfW Bankengruppe transaction that gave rise to the prob- 
lem outlined above was a regular cross-currency swap, with 
euros being paid to Lehman and dollars being paid back to KfW. 
On the day Lehman Brothers declared bankruptcy, KfW made an 
automated transfer of €350m despite the fact that the stricken 
Lehman Brothers would almost certainly not be making the 
opposite dollar payment (at this time, this type of cross-currency 
swap could be safely settled via CLS). It should be noted that if 
they had withheld the payment, then this may have been chal- 
lenged by the administrator of the Lehman Brothers estate. 


10.2.3 Clearing Rings 


Bilateral netting clearly works only with cooperation between 
two parties. However, with further cooperation, further benefits 
could be derived via multilateral netting. The first example 


curr 1 
A B 
N curr 2 


GASI] illustration of settlement risk in a 


physically-settled FX transaction. 


* www.cls-group.com. 


Chapter 10 Netting, Close-Out and Related Aspects HM 201 


N curr 1 


GESIE] Illustration of CLS. 


of this arises through ‘clearing rings’, which were used on 
exchanges even before the development of central clearing. 
Clearing rings were relatively informal means of reducing expo- 
sure via a ring of three or more members who would agree to 
‘ring out’ offsetting positions. To achieve benefits, participants 
in the ring had to be willing to accept substitutes for their 
original counterparties. Rings were voluntary, but upon join- 

ing a ring, exchange rules bound participants to the ensuing 
settlements. Some members would choose not to join a ring, 
whereas others might participate in multiple rings. In a clearing 
ring, groups of exchange members agree to accept each other’s 
contracts and allow counterparties to be interchanged. This can 
be useful for further reducing bilateral exposure, as illustrated in 
Figure 10.5. Irrespective of the nature of the other positions, the 
positions between C and D, and D and B can allow a ‘ringing 
out’, where D is removed from the ring and two obligations are 
replaced with a single one from C to B. Clearing rings simplify 
the dependencies of a member's open positions and allow them 
to close out contracts more easily. 


It is important to note that not all counterparties in the example 
shown in Figure 10.5 benefit from the clearing ring illustrated. 
Whilst D clearly benefits from being readily able to offset the 
transactions with C and B, A is indifferent to the formation of 
the ring since its positions are not changed. Furthermore, the 
positions of B and C have changed only in terms of the replace- 
ment counterparty they have been given. Clearly, if this counter- 
party is considered to have stronger (weaker) credit quality, then 
they will view the ring as a benefit (detriment). A ring, whilst 
offering a collective benefit, is unlikely to be seen as beneficial 
by all participants. A member at the ‘end of a ring’, with only a 


A < > B A « > B 
100 100 
+ 
C 100 > D C 


acligcmieey Illustration of a clearing ring. The 


equivalent obligations between C and D and between D 


and B are replaced with a single obligation between C 
and B. 


long or short position and therefore standing not to 


B benefit, has no benefit to ring out. Historically, such 


aspects have played out with members refusing to par- 
ticipate in rings because, for example, they preferred 
larger exposures to certain counterparties rather than 
smaller exposures to other counterparties. 


10.2.4 Portfolio Compression 


Suppose parties A, B, and C need to make the same cash flows 
shown in Figure 10.6,7 which may already have been reduced 
by bilateral netting. There is an opportunity to reduce the mag- 
nitude of the payments further, as shown, because all three 
parties are both paying and receiving. This would require some 
form of more advanced trilateral, or in general multilateral, net- 
ting scheme. Such a scheme would potentially reduce exposure 
further: for example, party A would have no exposure since the 
payment originally to be received from party B is achieved via a 
reduction of the amount paid to party C. 


A modern-day equivalent of clearing rings in bilateral OTC 
derivatives markets is portfolio compression, which achieves 
multilateral netting benefits via the cooperation of multiple 
counterparties. A well-known example is TriOptima’s TriReduce 
service,’ which provides compression services covering major 
OTC derivatives products across interest rates, credit, FX, and 
commodities. This has been instrumental in reducing exposures 
in OTC derivatives markets.° 


Portfolio compression is a risk-reduction exercise where mul- 
tiple counterparties partially or entirely eliminate transactions, 
potentially replacing them with other transactions, with the aim 
of reducing the overall notional value of the transactions. Note 
that compression - strictly speaking — refers to the reduction 
of notional value and not the number of contracts, although in 
practice the two may well be aligned. Note also that the aim is 
to reduce the total notional of all parties involved and it does 
not necessarily follow that an individual party will experience a 
lower notional (although participants can specify constraints to 
prevent their exposures increasing, for example). 


Compression has developed because OTC derivatives portfolios 
grow significantly through time but contain redundancies due to 
the nature of trading (e.g. with respect to unwinds). This suggests 
that the transactions can be reduced in terms of number and 
gross notional without changing the overall risk profile. In essence, 


4 This means on the same day and in the same currency. 


> www.trioptima.com. 


© TriOptima (2017). TriReduce’s compression service surpasses 
$1 quadrillion in notional principal eliminated by market participants. 
Press release (28 June). www.trioptima.com. 
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A ù ; 
‘0 20. Multilateral netting 10 
"4 K 
B B 
Figure 10.6 | Illustration of the potential exposure reduction 


offered by multilateral netting. The arrows represent fungible 
cash flows, differing only in their size. 


compression can preserve the market risk position of participants 
whilst reducing non-market risks such as settlement and counter- 

party risk. It can also reduce operational costs and may also lower 
systemic risk by decreasing the number of contracts that need to 

be replaced in a counterparty default scenario. 


Compression is subject to diminishing marginal returns over 
time as the maximum multilateral netting is achieved. It also 
relies to some degree on counterparties being readily inter- 
changeable, which implies, for example, that they need to have 
comparable credit quality. 


Broadly, a typical compression cycle works as follows: 
1. Participants submit the relevant transactions. 


2. The transaction details are matched according to each 
bilateral counterparty in the process and may also be cross- 
referenced against a trade-reporting warehouse. 


3. An algorithm is run to determine changes to transactions 
that generate multilateral netting benefits, but keeping 
each participant's portfolio neutral in terms of value and 
risk. These changes are reviewed by participants. 


4. Once the process is finished, all changes are binding and 
take effect by unwinding transactions, executing new trans- 
actions, and novating transactions to other counterparties. 


An optimal overall solution to the compression cycle can involve 
positions between pairs of counterparties increasing or changing 
sign and may involve changes in mark-to-market (MTM) value and 
risk sensitivities. For these reasons, participants can specify con- 
straints (such as the total exposure to a given counterparty, which 
may be related to the internal credit limits of a participant). 


A simple example of the potential result of a credit default swap 
(CDS) compression exercise for one market participant is given 
in Table 10.1. Here, the net long position resulting from transac- 
tions with three counterparties is reduced to a single identical 
long position with one of the counterparties. 


Portfolio compression is not without potential issues. The settle- 
ment of a CDS contract can differ depending on whether it is 
triggered by the protection buyer or seller. Hence, netting long 
and short protection positions will not definitely create the same 
economic value. New transactions may become subject to cer- 
tain regulation (such as bilateral margining), whereas the legacy 
transactions that led to their creation may have been exempt 
from these requirements. 


Basic portfolio compression by its nature requires standard con- 
tracts, which are therefore fungible, and so cash flows are essen- 
tially being netted multilaterally. A good example of producing 
standardisation of this type is the CDS market, where large 


Simple Illustration of Trade Compression for Single-Name CDS Contracts. A Party Has Three Contracts 
on the Same Reference Credit and with Identical Maturities but Transacted with Different Counterparties. It Is 
Beneficial to “Compress” the Three into a Net Contract, Which Represents the Total Notional of the Long and Short 
Positions. This may Naturally Be with Counterparty A as a Reduction of the Initial Transaction 
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banks together with the International Swaps and Derivatives 
Association (ISDA) standardised CDS contracts in terms of cou- 
pons and maturity dates to aid compression (and, indeed, facili- 
tate central clearing). CDS contracts now trade with both fixed 
premiums and upfront payments, and scheduled termination 
dates of 20 March, 20 June, 20 September, or 20 December. 
This means that positions can be bucketed according to under- 
lying reference entity (single name or index) and maturity but 
without any other differences (such as the previous standard 
where coupons and maturity dates would differ). 


Standardisation of contracts to aid compression is not always 
possible. For example, interest rate swaps typically trade at 

par via a variable fixed rate. In such cases, compression is less 
easy because two interest rate swaps could have identical float- 
ing cash flows but different fixed cash flows (due to the differ- 
ent swap rates used at inception). In such cases, slightly more 
advanced algorithms have been developed, such as coupon 
blending. These will be discussed further in Section 10.2.5, 
which details compression at CCPs in more detail. 


Recent regulation since the global financial crisis has sought to 
increase compression exercises. For example, European Market 
Infrastructure Regulation (EMIR) states that both financial and 
non-financial counterparties with more than 500 non-centrally- 
cleared derivatives contracts must have procedures in place to, 
at least twice a year, consider the potential counterparty-risk- 
mitigating benefit of a portfolio compression exercise.’ Where 
such an exercise is not undertaken, the reasons for this must 
be articulated to the relevant supervisory authority. Possible 
reasons for not undertaking compression could be the fact that 
no benefit is likely (which could be the case if a counterparty 
has very directional positions with all other counterparties). 
Alternatively, compression may be avoided due to accounting, 
tax, or legal disadvantages. For example, an end user using 

an interest rate swap to hedge the risk on a loan may have 
offsetting swaps hedging their own borrowing and compres- 
sion may create problems, such as in the recognition of hedge 
accounting. 


10.2.5 Compression Algorithm 


In order to understand the complexity of trade compres- 
sion algorithms, consider the example ‘market’ represented 
in Figure 10.7. This shows position sizes® between different 


7 Commission Delegated Regulation (EU) No 149/2013 of 19 December 
2012 supplementing Regulation (EU) No 648/2012 of the European Par- 
liament and of the Council with regard to regulatory technical standards 
on indirect clearing arrangement, the clearing obligation, the public 
register, access to a trading venue, non-financial counterparties and risk 
mitigation techniques for OTC derivatives contracts not cleared by a 
CCP, Article 14. 
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alicia Illustration of a simple ‘market’ made up 
of positions in fungible (interchangeable) contracts. 


counterparties in certain fungible (interchangeable) products. 
Note that the total gross notional between counterparties 
(counting each transaction twice, both points of view) is 1,250. 


Spreadsheet 10.1 Compression example. 


Suppose that the general aim of portfolio compression is to 
reduce the gross notional in Figure 10.7 without changing the 
net position of any counterparty. This is likely to be a subjec- 
tive process for a number of reasons. Firstly, it is not clear 

what should be minimised. An obvious choice may be the total 
notional, although this would not penalise large positions or 
the total number of positions. Alternative choices could be 

to use the squared notional or the total number of positions, 
which would reduce large exposure and interconnectedness 
respectively (O’Kane 2017 discusses this point in more detail). 
Secondly, there may need to be constraints applied to the opti- 
misation, such as the size of positions with single counterparties. 
In the above example, there is no transaction between counter- 
parties 1 and 3. It may be that one or both of them would like 
to impose this as a constraint. Many different algorithms could 
be used to optimise the market above, and commercial applica- 
tions have tended to follow relatively simple approaches (for 
example, see Brouwer 2012). The example below, albeit for a 
very small market, will provide some insight into how compres- 
sion algorithms work in practice. 


One obvious method to reduce the total notional is to look for 
opportunities for netting within rings in the market. A trilateral 


8 This will be referred to as notional, but could represent exposure or 
another measure as it is the relative values that are important. 
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JOUCK LA:J Illustration of using trilateral netting between counterparties 
2, 3, and 4 to reduce the overall notional of the system shown in Figure 10.7. 


possibility occurs between counterparties 2, 3, and 4 (as illus- 
trated in Figure 10.8) where notionals of 60, 70, and 85 occur in 
a ring and can, therefore, be reduced by the smallest amount 
(assuming positions cannot be reversed) of 60. This strategy cor- 
responds to minimising the total notional (or indeed the total 
notional squared). 


This leads to the total notional of the compressed system being 
reduced to 890 (from 1,250) on the right-hand side of Figure 10.8. 


Continuing a process such as the one above could lead to a 
number of possible solutions, two of which are shown in Figure 
10.9. Note that the solution on the left-hand side has reversed 

the exposure between counterparties 4 and 5, whilst on the right- 
hand side there is a transaction between counterparties 1 and 3 
where none existed previously. The latter solution has a lower total 
notional of 110 (compared to 130 for the former). However, this 


also illustrates that constraints imposed by counterparties (e.g. 
1 and 3 not wanting exposure to one another) will weaken the 
impact of compression. 


10.2.6 Benefits of Cashflow Netting 


In general, the traditional netting approaches described above 
can be seen as reducing the gross value of transactions without 
changing the market risk profile. The immediate benefits of 
bilateral and multilateral netting of cash flows are relatively obvi- 
ous via a reduction in settlement risk and, by extension, coun- 
terparty risk. However, there are some other benefits which may 
not be as obvious or intuitive: 


e Operational costs. By reducing the number of cash flows and 
transactions, operational costs can be reduced. 


1 1 
i 10 
5 2 5 2 
\ / \ 10 / 
\ 35 \ 25 
4 3 4 3 
| Figure 10.9 | Illustration of two possible final results of compressing the 


original market in Figure 10.7, leading to total notionals of 130 (left-hand 


side) and 110 (right-hand side). 
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e Legal risks. Portfolio compression may reduce No netting Bilateral netting 
legal risk by contractually simplifying portfolios 
and not relying on future risk mitigation (which MTM = 200 MTM = 60 
may be subject to legal challenges). A , es o +—__@e 
; ; MTM = 140 
e Regulatory. The reduction of gross notional 
may not always seem beneficial since the net GMES illustration of the impact of close-out netting. In the 


exposure may remain the same. However, some 
simple regulatory methodologies are partially 
based on gross notional and will, therefore, 
appear more beneficial if these values are 
reduced. This mainly applies to regulatory capital requirement, 
a good example being the leverage ratio, which has provided 
a strong incentive for portfolio compression. Some regulatory 
thresholds are also based on gross notional, such as in relation 
to central clearing or bilateral margin requirements. 


10.3 VALUE NETTING 
10.3.1 Overview 


Cash flow netting has fairly obvious restrictions since it requires 
cash flows (and therefore transactions) to be interchangeable. 
This means that the type of cash flow must be the same, sug- 
gesting the same asset class, product, payment date, and refer- 
ence rate. However, many derivatives transactions with a given 
counterparty can be similar but not have fungible cash flows 
and sometimes may relate to several underlying asset classes. A 
more general concept is, therefore, to apply netting across the 


value of underlying transactions. 


A related point is that bankruptcy proceedings are, by their 
nature, long and unpredictable processes. During such pro- 
cesses, likely counterparty risk losses are compounded by the 
uncertainty regarding the termination of the proceedings. A 
creditor who holds an insolvent firm's debt has a known expo- 
sure, and whilst the eventual recovery is uncertain, it can be 
estimated. However, this is not the case for derivatives, where 
constant rebalancing is typically required to maintain hedged 
positions. Furthermore, once a counterparty is in default, cash 
flows will cease, and an institution will be likely to want or need 


to execute new replacement contracts. 


For transactions such as derivatives that can be both assets 
and liabilities, there is also the question of whether these can 
offset one another in a default event. An even broader concept 
is whether such an offset can be applied to different business 
with a given counterparty. For example, a bank may have a 
lending relationship with a given client but also transact OTC 
derivatives with them. If the client defaults, then there is a 
question of whether the underlying transactions should be 
considered independently or not. 


event of the default of party A, without netting, party B would need 
to pay 200 and would not receive the full amount of 140 owed. With 
netting, party B would simply pay 60 to party A and suffer no loss. 


10.3.2 Close-Out Netting 


Close-out netting aims to minimise counterparty risk across a 
portfolio of transactions with a defaulted counterparty. Par- 
ties can reduce their risk to each other via contractual terms, 
such as an ISDA agreement. Close-out netting comes into force 
in the event that a counterparty defaults, and aims to allow a 
timely termination and settlement of the net value of all trans- 
actions with that counterparty. Essentially, this consists of two 
components: 


e Close-out. The right to terminate transactions with the 
defaulted counterparty and cease any contractual payments. 


e Netting. The right to offset the value across transactions and 
determine a net balance, which is the sum of positive and 


negative values, for the final close-out amount.” 


Close-out netting permits the immediate termination of all con- 
tracts with a defaulted counterparty and the settlement of a net 
amount reflecting the total value of the portfolio (Figure 10.10). 
In essence, with close-out netting, all transactions (of any matu- 
rity, whether in- or out-of-the-money) collapse to a single net 
value. If the surviving party owes money, then it makes this 
payment; if it is owed money, then it makes a bankruptcy claim 
for that amount. Close-out netting allows the surviving institu- 
tion to realise gains on transactions against losses on other 
transactions immediately and effectively jump the bankruptcy 
queue for all but its net exposure, as illustrated in Figure 10.10. 
Note that close-out netting is completely general since it only 
depends on MTM values at the time of default and not match- 
ing cash flows. 


Whilst payment netting reduces settlement risk, close-out netting 
is relevant to counterparty risk since it reduces pre-settlement risk. 


Netting is not just important for reducing exposure but also for 
reducing the complexity involved in the close-out of transactions 


? The calculations made by the surviving party may be disputed later via 
litigation. However, the prospect of a valuation dispute and an uncertain 
recovery value does not affect the ability of the surviving party to imme- 
diately terminate and replace the contracts with a different counterparty. 
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in the event that a counterparty defaults. In OTC deriva- 

tives markets, surviving parties will usually attempt to replace 
defaulted transactions. Without netting, the total number of 
transactions and their notional value that surviving parties would 
attempt to replace may be larger and hence may be more likely 
to cause market disturbances. 


Netting legislation covering derivatives has been adopted 

in most countries with major financial markets. The ISDA has 
obtained legal opinions supporting the close-out and netting pro- 
visions in their Master Agreements in most relevant jurisdictions. 
(At the time of writing, they currently have such opinions covering 
54 jurisdictions.) Thirty-seven countries have legislation that pro- 
vides explicitly for the enforceability of netting. However, jurisdic- 
tions remain where netting is not clearly enforceable in a default 
scenario.'° Note that in these scenarios, a bank may judge that 
netting is enforceable for pricing (and possibly accounting) 
purposes (and accepting the legal risk), but may not be able to 
reflect this in other calculations such as regulatory capital. 


Note that bilateral cash flow netting (Section 10.2.1), where 
counterparties actively reduce the number of transactions bilat- 
erally, is preferable to value netting because there is no legal 
risk as transactions are removed completely. For example, if two 
parties have two completely opposite positions, terminating 
them is preferable to relying on the enforceability of close-out 
netting in the event that one of them defaults. 


10.3.3 Payment Under Close-Out 


Standard assumptions when defining counterparty risk and 
computing credit value adjustment are that a surviving party 
must still pay liabilities to a defaulted counterparty. This means 
that their post-default position is the same as that pre-default in 
that they must still perform on their liability. On the other hand, 
if a surviving party has an asset with a defaulting counterparty, 
then they will make some associated loss in default, depending 
on the amount they recover. This is a simplistic definition of the 
economic impact of default used in modelling, but is not often 
borne out precisely in practice. 


For example, although no longer common, some OTC deriva- 
tives were historically documented with ‘walkaway’ or ‘tear-up’ 
features. Such a clause effectively allows an institution to can- 
cel transactions in the event that their counterparty defaults. 
They would clearly only choose to do this in case they were in 
debt to the counterparty. Whilst a feature such as this does not 
reduce credit exposure, it does allow an institution to benefit 
from ceasing payments and not being obliged to settle amounts 


19 Vaghela, V. (2015).Malaysia close to becoming a clean netting 
jurisdiction. Risk (16 February). www.risk.net. 


owed to a counterparty. These types of agreements, which were 
common prior to the 1992 ISDA Master Agreement, have been 
less common since and are not now part of standardised ISDA 
documentation. However, they have sometimes been used in 
transactions since 1992. Whilst walkaway features do not miti- 
gate counterparty risk per se, they do result in potential gains 
that offset the risk of potential losses. 


Walkaway agreements were seen in the Drexel Burnham Lambert 
(DBL) bankruptcy of 1990. Interestingly, in this case, counterpar- 
ties of DBL decided not to walk away and chose to settle net 
amounts owed. This was largely due to the relatively small gains 
compared with the potential legal cost of having to defend the 
validity of the walkaway agreements or the reputational cost of 
being seen as taking advantage of the DBL default. 


Even without an explicit walkaway agreement, an institution 

can still attempt to gain in the event of a counterparty default 
by not closing out contracts that are out-of-the-money (OTM) 

to them, but ceasing underlying payments. Another interesting 
case is that between Enron Australia (Enron) and TXU Electricity 
(TXU) involving a number of electricity swaps which were against 
TXU when Enron went into liquidation in early 2002. Although 
the swaps were not transacted with a walkaway feature, ISDA 
documentation supported TXU avoiding paying the MTM owed 
to Enron (A$3.3m) by not terminating the transaction (close- 
out), but ceasing payments to their defaulted counterparty. The 
Enron liquidator went to court to try to force TXU to settle the 
swaps, but the New South Wales Supreme Court found in favour 
of TXU in that they would not have to pay the owed amount 
until the individual transactions expired (i.e. the obligation to 
pay was not cancelled, but it was postponed). 


Some Lehman Brothers counterparties also chose (like TXU) not 
to close out swaps but to stop making contractual payments 
(as their ISDA Master Agreements seemed to support).'' Since 
the swaps were very OTM from the counterparties’ point of 
view, and therefore strongly in-the-money (ITM) for Lehman, 
there were potential gains to be made from doing this. Again, 
Lehman administrators challenged this in the courts. US and 
English courts came to different conclusions with respect to the 
enforceability of this, with the US court ruling that the action 
was improper, '* whilst the English court ruled that the withhold- 
ing of payments was upheld.'? 


Any type of walkaway feature is arguably rather unpleasant and 
should be avoided due to the additional costs for the counterparty 


11 Brettell, K. (2009). Metavante to appeal swap ruling in Lehman case. 
Reuters (23 October). www.reuters.com. 


12 Bankruptcy Court for the Southern District of New York. 
'3 High Court of England and Wales. 
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in default and the creation of moral hazard (since an institution is 
potentially given the incentive to contribute to their counterparty’s 
default due to the financial gain they can make). 


10.3.4 Close-Out and xVA 


There is an important link between the close-out and xVA. The 
close-out process aims to allow a surviving party to determine 

a reasonable valuation for their derivatives contracts so as to 
establish the amount payable at this point where all the underly- 
ing transactions are likely to be closed out. If the surviving party 
is a creditor, then such a valuation will determine their claim in 
the bankruptcy process. If they are a debtor, then it will deter- 
mine the payment they are required to make to their bankrupt 
counterparty’s estate. 


The valuation at close-out tends to reference ‘replacement 
costs’, since a surviving party will typically replace transactions 
either directly or indirectly (in the latter case, by executing 
replacement trades, macro-hedges, or unwinding hedges). Such 
costs are typically perceived as being added to the value so as 
to compensate the surviving party. 


The first problem with the above is regarding the definition of 
value and, generally, whether it should be the base or actual 
value. The latter is clearly more relevant as it likely reflects the 
surviving party’s current view on the actual valuation. However, 
unlike the base value, this requires a definition of xVA terms, 
which is complex and may not be objectively defined from a 
legal standpoint. 


Assuming the surviving party has a positive valuation (i.e. they 
are a creditor), then the situation will be as in Figure 10.11. Note 
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Illustration of the determination of 
valuation in the event of counterparty default from 
the surviving party's point of view and assuming they 
are a creditor (i.e. their valuation is positive). The xVA 
adjustment is assumed to be negative overall. 
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GMC OREY Illustration of the determination of 


valuation in the event of counterparty default from 
the surviving party's point of view and assuming they 
are a debtor (i.e. their valuation is negative). The xVA 
adjustment is assumed to be positive overall. 


that the xVA adjustment is likely to be negative since the overall 
adjustment will be dominated by costs over benefits. '4 Note 
that, in this situation, the surviving party stands to gain by using 
a base valuation over the actual valuation since this will enable 
them to recover a higher amount as a creditor. 


If the surviving party is a debtor and owes the defaulted coun- 
terparty, then the situation might be reversed, with the actual 
value being higher than the base value (Figure 10.12).'? Note 
that, in this situation, the surviving party potentially gains by ref- 
erencing the actual — and not the base - value. 


Note that, together with xVA, there is the question of cost 
inherent in replacing transactions which may also be part of 
the defined value in default since the surviving counterparty 
may reasonably replace transactions (Figure 10.13). It may not 
be able to easily separate such costs (e.g. bid-offer costs) from 
xVA terms since they may both be seen as charges in executing 
replacement transactions. 


Given the inherent problems with defining the value of a deriva- 
tive in the event of a counterparty default, it may also be helpful to 
define a ‘legal value’, as shown in Figure 10.13. This is a value that 
might be claimed by a surviving party based on the underlying doc- 
umentation, but which might be seen as being different (inflated) 
compared to the true value and associated costs, and might poten- 
tially lead to litigation. Clearly, documentation should aim to pre- 
vent such divergences since surviving parties may be able to gain at 
the expense of other creditors of the defaulted counterparty. 


'4 This is not necessarily the case if the future profile of the transaction is 
very negative. 


15 This would be the case due to funding benefits. 
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close-out amount is complex as parties will 


Value 


Base value 


Actual value J 


Costs 


‘Legal’ value 
3 inevitably disagree. The non-defaulting 


party will likely consider their value of exe- 
cuting replacement transactions (‘replace- 
ment cost’) as the economically correct 


~ Commercially 


reasonable value close-out amount. The defaulting party 


may not agree with this assessment since it 
will reflect charges such as bid-offer costs 
which it does not experience. 


The ISDA Master Agreement is a market- 


Counterparty Time j standard contract used to document OTC 
default derivative transactions, and it is important 
to understand the implication of the defini- 
tions with respect to the amount owing in 
GTR) Illustration of the determination of valuation in the event of the event of a counterparty default. There 


counterparty default from the surviving party's point of view, including costs 
(shown with respect to the actual value) and assuming they are a creditor. 


10.3.5 ISDA Definitions 


The contractual definition regarding close-out is crucial in 
defining the economics of counterparty default and, as such, 

is a key element in defining counterparty risk and related 

xVA components. The default of Lehman Brothers in 2008 
illustrated some of the issues with determining close-out valu- 
ations. In particular, Lehman Brothers had posted substantial 
amounts of collateral or security to counterparties as their 
credit quality deteriorated. Surviving counterparties were then 
incentivised to maximise their benefit under the relevant docu- 
mentation in order to keep as much of this collateral as pos- 
sible. The Lehman estate then had to proactively try to retrieve 
much of this collateral — often through the courts — in order to 
be fair to their creditors overall.1 However, there are few legal 
precedents due to the fact that 
many cases have settled out of 
court and contradictory deci- 


sions have been made by the 1992 ISDA 


English and US courts. Ee 
The close-out amount repre- 
sents the amount that is owed 
by one party to another in a 
default scenario. If this amount 
is positive from the point of 
view of the non-defaulting 
party, then they will have a claim on the estate of the default- 
ing party. If it is negative, then they will be obliged to pay this 
amount to the defaulting party. Although the defaulting party 
will be unable to pay the claim in full, establishing the size of 


the claim is important. The determination of the appropriate 


Obtain a minimum of three 
firm quotes for the portfolio 
in question and combine 


are two ISDA versions to consider — namely 
1992 and 2002 — which differ in their defini- 
tions (Table 10.2). 


Under the 1992 ISDA, there are two methods for defining the 
amount owed in default, namely ‘market quotation’ and ‘loss’, 
with the former often being elected as the primary method and 
the latter as a fallback (in case achieving a market quotation is 
not possible). These are characterised as follows: 


e Market quotation. The determining (surviving) party obtains a 
minimum of three quotes from market makers and uses these 
quotations (e.g. in the case of three quotes, the middle value 
should be used). In the event that three quotations cannot be 
achieved then market quotation is deemed to have failed. 


e Loss. The determining party is required to calculate its total 
losses or gains in good faith. Such an amount is intended to 
be representative of the amount required to put the determin- 
ing party in the position that it would have been in had the 


LEL CHLFA ISDA Definitions Regarding the Determination of the Net Amount 
Owing Between Two Parties in the Event of a Default of One of Them 


2002 ISDA 


Close-out amount | Indicative quotations, 
public sources of price 


information, models. 


these quotes. 


Loss Estimate total losses and 
gains reasonably and in 
good faith. 


16 Kary, T. (2017). Lehman, Citi Settle $2 Billion Financial Crisis-Era 
Dispute. Bloomberg (30 September). www.bloomberg.com. Note that 
Lehman argued in this case that Citigroup made up ‘phantom transac- 
tions costs’, which could be seen to equate to the ‘legal value’ referred 
to in Figure 10.13. 
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contract been performed, and may include loss of bargain, 
funding costs, and trading-related costs (e.g. terminating or 
re-establishing hedges). 


Market quotation is clearly designed to be a relatively objec- 
tive measure, but it obviously requires a reasonable amount of 
liquidity in the market for the particular transactions in question. 
Such liquidity is not always present, especially in the aftermath 
of a major default (e.g. Lehman Brothers) and in more exotic 

or non-standard products or non-standard contractual terms 
(assuming the surviving counterparty aims to replicate such 
terms in replacement transactions). Therefore, it has sometimes 
been problematic to find market makers willing to price com- 
plex transactions realistically following a major default. Since 
1992 there has been an increasing number of more complex and 
structured OTC derivative transactions, together with non-stan- 
dard contractual terms (e.g. one-way margin agreements). This 
has led to a number of significant disputes in the determination 
of the market quotation amount. 


LEHMAN BROTHERS, CITIGROUP, AND 
‘PHANTOM TRANSACTION COSTS’ 


In the aftermath of the Lehman Brothers’ bankruptcy, 
Citigroup held around $2bn in collateral and argued that 
most of this amount was required to cover the replace- 
ment of these transactions. The administrators of the 
Lehman estate argued against this and claimed that 

the money, in fact, should go to its other creditors and 
accused Citigroup of using methods such as ‘phantom 
transaction costs’ to try and justify its claim. Eventually 
Citigroup agreed to give back $1.74bn to the estate of 
Lehman from a total of $2.1bn and stated: 


Citigroup says it used its best professional judgment to 
determine close-out amounts on the trades. The contracts, 
the bank said, were governed by ISDA agreements which 
give the non-defaulting party — in this case Citigroup — the 
right to assess the close-out costs as long as it uses com- 
mercially reasonable procedures. '” 


On the other hand, loss is potentially too subjective and gives 
too much discretion to the determining party. This implies that 
there may be incentives for the determining party to deliber- 
ately cause market quotation to ‘fail’ so as to be able to use 
loss as a fallback. In the event that the determining party makes 
gains, these would be at the detriment of other creditors of the 


My Kary, T. (2017). Lehman, Citi Settle $2 Billion Financial Crisis-Era 
Dispute. Bloomberg (30 September). www.bloomberg.com. 


defaulting party. The Lehman Brothers bankruptcy also gave rise 
to cases of this type. '® 


Because of the above problems and market developments 

(such as the availability of more external pricing sources), the 
2002 ISDA Master Agreement introduced a new, single defini- 
tion known as ‘close-out amount’. On the one hand, close-out 
amount can be seen as a diluted form of market quotation, as it 
does not require actual tradable quotes but can instead rely on 
indicative quotations, public sources of prices, and market data 
and internal models to arrive at a commercially reasonable price. 
On the other hand, close-out amount allows for a similar calcula- 
tion as loss, but with greater objectivity since the determining 
party must act in an objectively-reasonable manner. 


The close-out amount is the only methodology provided in 

the 2002 ISDA contract and is intended to reflect the losses or 
costs/gains of the determining party in replacing or providing 
the economic equivalent of the material terms of the transac- 
tions under the prevailing circumstances, determined in good 
faith and in a commercially reasonable manner. In determining a 
close-out amount, the determining party may consider any rel- 
evant information, including: 


e firm or indicative quotations for replacement transactions 
supplied by one or more third parties that may take into 
account the creditworthiness of the determining party and 
the terms of any relevant documentation (such as collateral 
agreement) between the determining party and a third party; 


e relevant market data supplied by one or more third parties; and 


e internal information, as above, from internal sources that are 
used by the determining party in the regular course of its 
business for the valuation of similar transactions. 


In summary, the market quotation method is an objective 
approach that uses actual firm quotes from external parties. The 
loss method is more flexible, with the determining party choos- 
ing any reasonable approach to determine its loss or gain. The 
close-out amount method is somewhere in between, giving the 
determining party flexibility to choose its approach, but aiming 
to ensure that such an approach is commercially reasonable. 


Following the publication of the 2002 ISDA Master Agreement, 
some parties continued to use market quotation via the 1992 
ISDA Master Agreement on the basis that it produced a more 
objective result. However, during the global financial crisis, 

the problems associated with this payment method (especially 
in relation to the Lehman Brothers bankruptcy) were again 


18 Visconti, A. (2018). Lehman Bros. Intl. (Europe) (in administration) v AG Fin. 
Prods., Inc. Global Legal Chronicle (15 August). www.globallegalchronicle.com. 
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highlighted. As a result, there has been a growing trend towards 
using the 2002 close-out amount definition. In 2009, ISDA pub- 
lished a close-out amount protocol to provide parties with an 
efficient way to amend older Master Agreements to close-out 
amount with only one signed document, rather than changing 
bilateral documentation on a counterparty-by-counterparty 
basis. The ISDA close-out amount protocol was introduced to 
give market participants an efficient way to amend their 1992 
ISDA Master Agreements to replace market quotation and loss 


with close-out amount. 


Note that close-out valuations do seem implicitly or explicitly 

to allow xVA components to be included in the valuation to the 
extent that they are part of the costs associated with establishing 
new transactions. This is in contrast to the need for valuations for 
other reasons, such as collateral posting or terminating transac- 
tions which typically reference only base values. Whilst allowing 
the actual value to be realised during the close-out process is 
more reasonable, it does create more complexity in the xVA cal- 
culation due to the recursive problem of needing to know xVA 
at the counterparty default time. This will be discussed in later 
chapters. 


10.3.6 Set-off 


As noted in Section 10.3.5, close-out netting under an ISDA 
contract is generally deemed enforceable in virtually all major 
jurisdictions and is therefore assumed to be an effective risk mit- 
igant. As such, banks will usually recognise such netting benefits 
when calculating regulatory capital requirements and pricing 


new transactions. 


However, some institutions trade many financial products (such 
as loans and repos, as well as interest rate, FX, commodity, 
equity, and credit products). The ability to apply netting to most 
or all of these products is desirable in order to reduce exposure. 
However, legal issues regarding the enforceability of netting 
arise due to transactions being booked with various different 
legal entities across different regions. 


Bilateral netting is generally recognised for OTC derivatives, 
repo-style transactions, and on-balance-sheet loans and deposits. 
Cross-product netting is typically possible within one of these cat- 
egories (e.g. between interest rate and FX transactions) since they 
are typically all covered by the same documentation, such as an 
ISDA Master Agreement. However, netting across these product 
categories (e.g. OTC derivatives and loans) is not definitely pos- 
sible as they are documented differently. 


The case of OTC derivatives and loans is especially relevant as 
many banks will have lending relationships with derivative coun- 
terparties and may provide a floating-rate loan in conjunction 


$100 debt 


$60 debt 


i 


a d 


$40 debt 
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Gitomer) Illustration of the concept of set-off. 


with an interest rate swap (with terms linked to those of the 
loan) as a ‘packaged’ fixed-rate loan. Since these products are 
treated completely separately within a bank, there is a question 
of whether their values would be netted in default (e.g. the bank 
is owed money on the loan but owes money on the swap). There 
is also the related question of access to loan collateral to cover a 


derivative exposure. 


As with netting enforceability, banks may reflect such offsets in 
pricing and accounting but will not achieve benefit in terms of 


reduced capital requirements. 


‘Set-off’ is a broad term that allows a party to apply an amount 
owed to it by the other party against amounts owed in the other 
direction. For example, in Figure 10.14 a right of set-off would 
allow party B to reduce its debt to party A from $100 to $40 via 
set-off against an opposite debt of $60. 


There is a subtle difference between payment netting (Section 
10.2.1) and set-off. Set-off recognises the existence of cross- 
claims between parties and allows equivalent claims in opposite 
directions to be extinguished. Netting results in a single contrac- 
tual claim at any point in time. The economic effect is typically 
the same in each situation. 


Typically, set-off relates to actual obligations, whilst close-out 
netting refers only to a calculated amount. Set-off may there- 
fore potentially be applied to offsetting amounts from other 
agreements against an ISDA close-out amount representing 
OTC derivatives. Under the 2002 ISDA Master Agreement, a 
standard set-off provision is included which would allow for the 
offset of any termination payment due against amounts owing 
to that party under other agreements. It is therefore potentially 
possible from a legal perspective to set-off derivatives against 
other products such as loans. However, this will depend on the 
precise wording of the different sets of documentation, the legal 
entities involved and legal interpretation in the relevant jurisdic- 
tion. Obtaining strong legal opinions is clearly critical, but since 
defaults are relatively rare events, there are often no practical 


examples to explore the enforceability of set-off. 
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exposure. The netting benefit (right-hand y-axis) is defined by dividing the 
gross credit exposure by the gross market value and subtracting this ratio 
from 100%. Source: Bank for International Settlements. www.bis.org. 


10.4 THE IMPACT OF NETTING 
10.4.1 Risk Reduction 


Close-out netting is the single biggest risk mitigant for coun- 
terparty risk and has been critical for the growth of the OTC 
derivatives market. Without netting, the current size and 
liquidity of the OTC derivatives market would be unlikely to 
exist. Netting means that the overall credit exposure in the 
market grows at a lower rate than the notional growth of the 
market itself. Netting has also been recognised (at least par- 
tially) in regulatory capital rules, which was an important aspect 
in allowing banks to grow their OTC derivative businesses. 
The expansion and greater concentration of derivatives mar- 
kets have increased the extent of netting steadily over the last 
decade, such that netting currently reduces exposure by close 
to 90% (Figure 10.15). 


10.4.2 The Impact of Netting 


Netting has some subtle effects on the dynamics of derivatives 
markets. Firstly, although the size of exposures is smaller, net- 
ted positions are inherently more volatile than their underly- 
ing gross positions, which can create systemic risk. Another 
problem with netting occurs when an institution wants to trade 
out of a position. In such a situation, the relative illiquidity of 
OTC derivatives may be problematic. If the institution executes 
an offsetting position with another market participant, whilst 


removing the market risk as required, they will have counter- 
party risk with respect to the original and the new counterparty 
(unless this can later be reduced by compression). To offset the 
counterparty risk, it is necessary to trade with the original coun- 
terparty, who, knowing that the institution is heavily incentivised 
to trade out of the position with them, may offer unfavourable 
terms to extract the maximum financial gain. The institution can 
either accept these unfavourable terms or trade with another 
counterparty and accept the resulting counterparty risk. This 
point extends to establishing multiple positions with different 
risk exposures. Suppose an institution requires both interest 
rate and FX hedges. Since these transactions are imperfectly 
correlated, then by executing the hedges with the same coun- 
terparty, the overall counterparty risk is reduced and the institu- 
tion may obtain more favourable terms. However, this creates 
an incentive to transact repeatedly with the same counterparty, 
leading to potential concentration risk. 


An additional implication of netting is that it can change the way 
market participants react to perceptions of increased risk of a 
particular counterparty. If credit exposures were driven by gross 
positions, then all those trading with the troubled counterparty 
would have strong incentives to attempt to terminate existing 
positions and stop any new trading. Such actions would likely 
result in even more financial distress for the troubled counter- 
party. With netting, an institution will be far less worried if there 
is no current exposure (MTM is negative). Whilst they will be 
concerned about potential future exposure and may require col- 
lateral, netting reduces the concern when a counterparty is in 
distress, which may, in turn, reduce systemic risk. 
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10.4.3 Multilateral Netting and Bifurcation 


A complication to netting is created by regulatory mandates 
such as central clearing and bilateral margin requirements. 


In the case of central clearing, transactions that — from a netting 
perspective — would have been grouped against another bilat- 
eral counterparty are now grouped at the CCP level. This would 
seem to produce benefits through multilateral netting of posi- 
tions held against a single CCP that would otherwise be facing 
multiple bilateral counterparties. Indeed, this is seen as a major 
advantage of central clearing.!” 


However, since not all transactions can be centrally cleared, there 
is a disadvantage due to the loss of bilateral netting benefits. This 
bifurcation between cleared and bilateral transactions can be par- 
ticularly acute for market participants executing offsetting trans- 
actions (e.g. a swaption being hedged by a swap or index against 
single-name credit default swaps) since one product may be 
clearable and the other not. Clearly, there is a critical mass where 
enough OTC derivatives can be cleared through a reasonably 
small number of CCPs so as to create overall netting benefits. 
This has been illustrated by Duffie and Zhu (2011). 


CCPs allow multilateral offset due to a clearing member facing 
the CCP directly on all cleared trades. As an example, consider 
the situation in Figure 10.16, where the arrows are probably 
best interpreted as cash flow or margin payments, as discussed 
in more detail below. This shows that although bilateral netting 
can reduce exposure significantly, central clearing can reduce it 
even more through multilateral netting. 


As shown in Table 10.3, bilateral netting reduces the total expo- 
sure of the system in Figure 10.16 by a factor of three (360 to 120). 
This can be reduced further to 60 by central clearing, even if the 
exposure of the CCP is included (in practice this would be miti- 
gated by margining). 


Although the above example seems to be identical to com- 
pression (Section 10.2.4), there are important differences. 

For compression, trades need to be standardised, since this 
provides the fungibility so that contracts can be torn up to 
represent the result of the compression cycle. Contracts also 
need to be standardised for central clearing, but for different 
reasons relating to operational costs, margin calculations, and 
potential close-out in the event of clearing member default. 
Such differences mean that multilateral netting benefits can be 
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WE) (lees Illustration of the Reduction in Exposure from Bilateral 
Netting and Central Clearing, as Shown in Figure 10.16 
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1? IMF (2010). ‘The primary advantage of a CCP is its ability to reduce 
systemic risk through multilateral netting of exposures.’ From: Making 
Over-The-Counter Derivatives Safer: The Role of Central Counterparties 
(Chapter 3). IMF Global Financial Stability Report (April). www.imf.org. 
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aleltig-wl¢awae Comparison of no netting, bilateral netting, and partial 
central clearing where only a subset of trades (black lines as opposed 
to grey ones) can be centrally cleared. 


IE) ek § Illustration of an Increase in Overall Exposure caused by 
Multilateral Netting Related to Central Clearing of Only a Subset of 


Trades, as Shown in Figure 10.17 


Bilateral 


Partial Central Clearing 


EAR (Excluding CCP Positions) 


Counterparty 1 
Counterparty 2 
Counterparty 3 
Total 


seen for centrally-cleared trades that would not be achieved 
through trade compression. Put another way, portfolio com- 
pression can offset equivalent transactions, and possibly actual 
cash flows,?? but central clearing can offset the actual value 
of these transactions against one another. This means that 
two different transactions with different counterparties that 
are not highly correlated (e.g. interest rate swaps in different 
currencies) will have a strong netting benefit under central 
clearing but are not appropriate for trade compression due 
to not being sufficiently fungible. Put another way, CCPs can 
compress risk, but in bilateral markets compression can only 
work on objectively-defined quantities such as notionals and 
cash flows. 


When promoting central clearing, a key point made often by 
policymakers and regulators is that CCPs facilitate multilateral 
netting, which can alleviate systemic risk by reducing exposures 
more than in bilateral markets. Whilst multilateral netting is 
clearly more beneficial when all trades are covered, in reality 
fragmentation or bifurcation will be a problem. Two obvious 
sources of fragmentation are non-clearable trades (which remain 
bilateral) and multiple CCPs. Such a situation is illustrated in 


20 In the case of techniques such as coupon blending discussed later in 
Section 10.2.5. 
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Figure 10.17, where some of the positions are assumed to be 
cleared outside the CCP shown. 


The quantitative impact of partial multilateral netting is shown in 
Table 10.4, which considers the total exposure under no netting, 
bilateral netting and partial central clearing. Even ignoring the 
exposure involving the CCP itself (i.e. assuming the CCP is risk 
free), the overall reduction in exposure is better with bilateral 
netting (total exposure 120) than with partial central clearing 
(total exposure 210). For example, with no netting, counterparty 
1 has a total exposure of 170 (70 to counterparty 2 and 100 to 
counterparty 3), and under bilateral netting, this is reduced to 
50 (to counterparty 3 only). However, under partial central clear- 
ing, counterparty 1 gains in some multilateral netting of their 
positions with counterparties 2 and 3, but loses the bilateral net- 
ting of the two sets of positions. 


Note that the above example could correspond to a situation 
where certain trades cannot be centrally cleared, or alternatively 
where they are cleared via a separate CCP to the one shown. 

The above example illustrates that the loss of bilateral netting 
benefits may dominate the increase in multilateral netting ones 
and result in central clearing, increasing the overall exposure in 
the market. This splitting of netting sets is analysed with some 
simple examples by Duffie and Zhu (2009). Their results are based 
on considering the netting benefit for trading a single class of 
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contracts through a CCP as opposed to bilateral clearing. They 
show, using a simple model,?' the required number of members 
trading through the CCP for a single asset class to achieve overall 
netting reduction. Overall, the Duffie and Zhu results illustrate 
that achieving overall netting benefits from central clearing (com- 
pared to bilateral trading) is not a foregone conclusion. Increased 
netting benefits can only be achieved by a relatively small number 
of CCPs clearing a relatively large volume of transactions. 


In theory, the bilateral margin requirement does not share similar 
bifurcation problems as central clearing because transactions are 
still bilateral between the parties involved. However, since most 
counterparties have chosen to create new margining/collateral 
agreements in order to comply with such rules for new transac- 
tions, without affecting existing transactions, there is a bifurca- 
tion of collateral across these two agreements. There may even 
be a possibility of legal problems if such transactions would be 
deemed to be bifurcated across two different netting sets. 


other creditors. In Figure 10.18, party B has both derivative 
creditors (party A) and other creditors (OC). 


Party B defaults with total assets of 180 (140 derivatives and 

40 other) and total liabilities of 300 (200 derivatives and 100 
other). Without netting, assuming other creditors and derivative 
creditors have the same seniority,** a recovery of 60% (180/300) 
would apply, and the payments would be as on the left-hand 
side of Figure 10.19. However, if the derivatives contracts are 
subject to netting, as illustrated on the right-hand side of Figure 
10.18, then the liabilities become 60 and 100 for derivatives and 
other creditors respectively against the assets of 40. This leads 
to a lower recovery of 25% (40/160) for the other creditors. 


OC OC 
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of the example in Figure 10.10 to include 


creditors, showing payments made in default of party B, assuming party A 


and other creditors are paid the same percentage recovery. 


21 Simplifying assumptions of symmetry and equal variance of exposure 
are used in this case. 


22 OTC derivatives would typically be pari passu with senior debt, for 


example. 
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The derivatives creditors receive a total of 155: 140 from being 
able to net their assets and liabilities and 15 from a recovery 
amount related to their netted claim. 


This leads to an overall recovery of 77.5% (155/200), whereas 
the other creditors receive 25% (25/100) (Figure 10.19, right- 
hand side). 


The above example illustrates that bilateral netting of OTC 
derivatives increases the recovery for OTC derivatives coun- 
terparties (77.5% instead of 60%, in the above example) but 
reduces the recovery of other creditors (25% instead of 60%). 
This potentially highlights a much broader point, which is that 


certain benefits (netting, margining, central clearing) may be 
positive for OTC derivatives markets but not necessarily for 
financial markets in general since they merely redistribute risk 
(Pirrong 2014). Netting may reduce exposure to OTC derivatives 
counterparties but increase exposure to other creditors (e.g. 
bondholders). A bank may reduce its derivatives counterparty 
risk (and capital) through netting, but this may induce changes 
in other parts of the balance sheet of the bank. This could pose 
the question as to whether reducing systemic risk in derivatives 
markets at the expense of increasing systemic risk elsewhere is a 
worthwhile trade-off. 
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@ Learning Objectives 


After completing this reading you should be able to: 


Describe the rationale for collateral management. 


Describe the terms of a collateral and features of a credit 
support annex (CSA) within the ISDA Master Agreement 
including threshold, initial margin, minimum transfer 
amount and rounding, haircuts, credit quality, and credit 
support amount. 


Describe the role of a valuation agent. 


Describe the mechanics of collateral and the types of 
collateral that are typically used. 


Explain the process for the reconciliation of collateral 
disputes. 


Margin (Collateral) 1 1 


and Settlement 


Explain the features of a collateralization agreement. 


Differentiate between a two-way and one-way CSA 
agreement and describe how collateral parameters can be 
linked to credit quality. 


Explain aspects of collateral including funding, 
rehypothecation, and segregation. 


Explain how market risk, operational risk, and liquidity 
risk (including funding liquidity risk) can arise through 
collateralization. 


Describe the various regulatory capital requirements. 


Excerpt is Chapter 7 of The xVA Challenge: Counterparty Credit Risk, Funding, Collateral, and Capital, Fourth Edition, by Jon Gregory. 


To download the spreadsheets, visit https://cvacentral.com/books/credit-value-adjustment/spreadsheets/ and click link to Chapter 7 
exercises for Fourth Edition 
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Long-dated transactions such as derivatives suffer from the 
problem that, whilst the current exposure might be relatively 
small and manageable, the future exposure could increase to a 
relatively large, unmanageable level. An obvious way to mitigate 
this problem is to have a contractual feature in the transaction 
that permits a risk-mitigating action to reduce a large exposure. 


Future exposure reduction can most obviously be achieved by 
having the contractual right to demand some form of secu- 
rity or margin (collateral) as a mitigant against that exposure. ' 
Margin-posting is a periodic process that ensures continuity of 
the underlying transaction(s) but acts as a potential mitigant for 
both parties in a transaction. On an exchange, margin-posting 
represents a daily settlement, whereas in over-the-counter (OTC) 


derivatives it represents a collateralisation process. 


Whilst margin has become a standard feature of exchange- 
traded derivatives and other simple products such as repos, 

it is not a standard component of OTC derivatives, especially 
those involving end users. Regulation is promoting more stan- 
dard margin practices in OTC derivatives markets (Section 2.5), 
although some end users will be exempt from such regulation. 


In OTC derivatives, other contractual features sometimes exist 
which can be seen as a more basic form of margining because 
they may be less periodic (such as resets) or simply cause a 
transaction to be terminated early. 


11.1 TERMINATION AND RESET 
FEATURES 


11.1.1 Break Clauses 


A break clause allows a given transaction to be terminated, 
either mandatorily, optionally, or contingent on some defined 
event (such as a rating downgrade). Such clauses may apply to 
one or both parties in a transaction. Prior to the financial crisis, 
break clauses were typically required by banks trading with cer- 
tain (often uncollateralised, i.e. non-margined) counterparties. 
More recently, it has become common for counterparties such 
as asset managers and pension funds to require break clauses 
linked to banks’ own credit ratings due to the unprecedented 
credit quality problems within the banking sector during the 
global financial crisis (GFC). 


For example, an International Swaps and Derivatives Associa- 
tion (ISDA) Master Agreement allows the specification of an 
Additional Termination Event (ATE), which permits a party to 


l Margin is the amount of financial resources that must be deposited, 
whereas collateral refers to the actual financial instrument (e.g. cash or 
securities). Terminology will be discussed in Section 11.2.1. 


terminate transactions in certain situations. The most common 
ATE is in relation to a rating downgrade (e.g. below investment 
grade). For unrated parties such as hedge funds, other metrics 
such as market capitalisation, net asset value, or key person 
departure may be used. 


ATE provisions are typically defined at the counterparty level in 
the ISDA schedule. However, they can be specified in a transac- 
tion confirmation. More commonly, individual transactions may 
reference similar terms and these are typically referred to as 
‘mutual puts’. Such clauses often do not reference specific events 
but are either mandatory (meaning the transaction will terminate 
at the specified break date) or optional (where the party has the 
right to break the transaction). It may be considered advanta- 
geous to attach such a clause to a long-dated transaction (e.g. 
10 years or above), which carries significant counterparty risk 
over its lifetime. For example, a 15-year swap might have a 


mutual put in year five and every two years thereafter. 


Sometimes mandatory breaks are used because a party is 
unable (due to internal policy such as credit limits, for example) 
to execute a long-dated transaction. In such cases, there may be 
an expectation or ‘gentleman’s agreement’ that a new transac- 
tion will be executed at the break time. This is similar to a reset- 
table transaction discussed in Section 11.1.2. 


The exercise or triggering of a break clause does not necessarily 
cause a transaction to terminate, and the party against which it is 
exercised may have to comply with one or more of the following 
options: 


e provide a replacement counterparty; 
e provide a counterparty offering a third-party guarantee; 


e terminate the transaction(s) at their current replacement 
value; or 


e post some sort of margin. 


In the event that a break clause results in a termination of a 
transaction(s), this is typically done at the prevailing mark-to- 
market (MTM) value, as determined in the documentation, 
typically involving pricing via a panel of banks. This is typically a 
base valuation and does not, therefore, share some of the prob- 
lems with the determination of the valuation that is associated 
with close-out netting and xVA, although problems sometimes 
still exist.7 


An ATE is obviously designed to mitigate against counterparty risk 
by allowing a party to terminate transactions or apply other risk- 
reducing actions when their counterparty’s credit quality is dete- 
riorating. This may be considered particularly useful when trading 


2 Cameron, M. (2012). Dealers call for revised language on break clause 
close-outs. Risk (5 March). www .risk.net. 
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IE) CME Illustration of the Risk-Mitigation Benefit 
of Different Types of Break Clause 
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with a relatively-good-credit-quality counterparty and/or long- 
maturity transactions. Over such a time horizon, there is ample 
time for both the value of the transaction to become significantly 
positive and for the credit quality of the counterparty to decline. 


It is worthwhile comparing the different types of break clause 
with the following considerations (Table 11.1): 


e Counterparty risk reduction. This refers to a firm's view of the 
counterparty risk reduction benefit, such as in consideration 
of credit limits. It is likely that all types of break clause will be 
deemed beneficial here, with some caution over the useful- 
ness of optional and rating-based triggers. 


e Credit value adjustment (CVA) reduction. This probably 
depends on the view of the CVA desk on the benefit of the 
break clause and their willingness to incorporate it in the price, 
and the associated view of whether it is appropriate to include 
it in CVA accounting assumptions. It is likely that such a desk 
may only see the benefit of mandatory breaks since they have 
no control over optional and rating-based triggers.’ 


e Liquidity coverage ratio (LCR). The LCR forces banks to pre- 
fund the requirements of rating-based triggers. 


e Capital relief. It is likely that capital relief will only be achiev- 
able for mandatory breaks. Even here there may be problems 
if a bank has a history of waiving such breaks, which may 
cause a regulator to question the risk-reducing benefit of the 
break clause. It is difficult to achieve capital relief through 
optional breaks, although if a bank can show that such breaks 
are rigorously exercised, then this might be possible. Finally, 
Basel capital rules explicitly rule out any capital relief from 
rating-based triggers (BCBS 2011b). 


The problem with break clauses as a risk mitigant is that they 
potentially damage client relationships, and therefore sales- 
people in banks would be against exercising them (especially 
if the customer has not been downgraded and has a good 
credit standing), whereas the CVA desk (xVA desk) and risk 


3. It is likely that the ownership of an optional break would be with the 
client relationship manager and possibly also the risk management 
department. 


management department would be in favour of making use of 
them wherever possible. This is essentially part of a moral haz- 
ard problem, where front-office personnel may use the presence 
of a break clause to get a transaction done, but then later argue 
against the exercising of the break to avoid a negative impact 
on the client relationship. Banks should have clear and consis- 
tent policies over the exercising of optional break clauses and 
the benefit they assign to them from a risk reduction point of 
view. There must not be any lack of internal clarity around who 


in a bank is empowered to exercise a break clause. 


Behaviour around breaks has changed in recent years, with 

banks becoming much more willing to exercise optional break 
clauses and clients accordingly expecting such behaviour. This has 
occurred because banks are much more sensitive to the valuation 
impact of breaks on xVA terms and also capital costs and may 

put maximising profitability and reducing capital ahead of client 
relationship concerns.* Hence, it might be considered that even 
optional breaks should now offer CVA reductions (Table 11.1). 


Recent years have highlighted the potential dangers of ATEs 
and other break clauses, in particular: 


e Risk-reducing benefit. Whilst an idiosyncratic rating down- 
grade of a given counterparty may be a situation that can be 
mitigated against, a systematic deterioration in credit quality is 
much harder to nullify. Such systematic deteriorations are more 
likely for larger financial institutions, as observed in the GFC. 


e Weaknesses in credit ratings. Breaks clearly need to be exer- 
cised early before the counterparty’s credit quality declines 
significantly and/or exposure increases substantially. Exercising 
them at the last minute is unlikely to be useful due to systemic 
risk problems. Ratings are well known for being somewhat 
unreactive as dynamic measures of credit quality. By the time 
the rating agency has downgraded the counterparty, the finan- 
cial difficulties may be too acute for the clause to be effective. 
This was seen clearly in relation to counterparties such as 
monoline insurers in the GFC. 


e Cliff-edge effects. The fact that many counterparties may 
have similar clauses may cause ‘cliff-edge’ effects, where a 
relatively small event such as a single-notch rating downgrade 
may cause a dramatic consequence as multiple counterparties 
all attempt to terminate transactions or demand other risk- 
mitigating actions. The near failure of AIG is a good example 
of this. 

e Modelling difficulty. Breaks are often very difficult to model 
since it is hard to determine the dynamics of rating changes 
in relation to potential later default events and the likelihood 


4 Cameron, M. (2012). Banks tout break clauses as capital mitigant. Risk 
(3 March). www.risk.net. 
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Resettable | 


noe enan transaction at its MTM and executing a replacement 


transaction at market rates, and consequently reduces 


20 i i the exposure to zero at each reset date (typically they 
i i are every quarter). An example of the impact of such 
15 i a reset is illustrated in Figure 11.1, which shows the 

A i - exposure over one year and the impact of quarterly 

2 10 - resets. Figure 11.2 shows the impact of the reset 

a i on exposure over the lifetime of the transaction in 

$ 5 i a scenario where the value of the transaction would 

S - become significantly positive (in-the-money) due to a 

o— Š = relatively large move in the FX rate. 
0 0.25 0.5 0.75 1 Since resets are mandatory and not linked to any 
-5 external event, they are much easier to assess and 
Time (years) model than break clauses. One simply needs to 

Gece! Illustration of the impact of reset features on the apply the logic of the reset at each contractual 

exposure of a long-dated cross-currency swap over the first year. date, as shown in Figure 11.1. 

Resets are assumed to occur quarterly and are shown by dotted lines. A reset can be seen as a weaker form of margin- 
ing because the margin is usually posted on a daily basis, whilst 
refixes are much less frequent. Another difference is that a refix 

that a break would be exercised. Unlike default probability, is a settlement, whereas margin (in OTC derivatives) is normally 
rating transitions probabilities cannot be implied from market posted as security against an exposure. 
data. This means that historical data must be used, which is, 
by its nature, scarce and limited to some broad classification. 
This also means that there is no obvious means to hedge 11.2 BASICS OF MARGIN/COLLATERAL 
such triggers. One exception is where the break is manda- sad ca ee AC cenit eal 
tory, where the model may simply assume it will occur with 11.2.1 Terminology 
100% probability. 
Historically, ‘collateral’ has been a term used within OTC 
derivatives markets and contractual agreements such as 
11.1.2 Resettable Transactions ISDA Master Agreements. However, ‘margin’ has been used 


A reset agreement is a clause to periodically reset | 


J N Non-resettable 
product-specific parameters determining the value of CE 


Resettable | 


a transaction and therefore avoid either party becom- 120 
ing strongly in-the-money. Reset dates may coincide 
with payment dates or be triggered by the breach of 
some market value. 


For example, in a resettable cross-currency swap, the 
MTM value of the swap (which is mainly driven by FX 
movements on the final exchange of notional, espe- 


Value (S millions) 


cially in floating-floating structures”) is cash-settled 
at each reset date. In addition, the FX rate is reset to 
(typically) the prevailing spot rate. The reset means 
that the notional on one leg of the swap will change. 


Such a reset is similar to the impact of terminating the 


Time (years) 


GPMSEEJ Illustration of the impact of reset features on the 


= exposure of a long-dated cross-currency swap. Resets are assumed 
> Referencing a floating rate of interest in both currencies. to occur quarterly. 
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in exchange-traded markets to represent a similar concept. 
Accordingly, there are terms such as ‘independent amount’ 
(OTC markets) and ‘initial margin’ (exchange-traded markets) 
that are, to some extent, interchangeable. 


The industry is generally converging on the use of the term mar- 
gin over that of collateral. For example, relatively recent regula- 
tory rules for OTC derivatives are known as the ‘bilateral margin 
requirements’ (Section 11.4). The term margin will, therefore, be 
used from now on, with occasional references to collateral and 
similar terms. The terms ‘collateralised’ and ‘uncollateralised’ 
will still be used to define the presence, or not, of margin in 
OTC derivatives. 


11.2.2 Rationale 


Margin represents a requirement to provide collateral in credit 
support or settlement. In exchange-traded markets, margin 
acts as a daily settlement of the value of a transaction. The 
fundamental idea of OTC derivatives margining is that cash or 
securities are passed (with or without actual ownership chang- 
ing) from one party to another as a means to reduce counter- 
party risk. This different treatment in exchange-traded and OTC 
markets is well-known and forms the basis of the difference 
between futures (exchange) and forward (OTC) contracts. ISDA 
(2015) estimates that there is about $5trn in margin supporting 
bilateral derivatives transactions, with cash becoming increas- 
ingly common. 


The difference between margin as settlement (exchange- 
trading) and margin as a form of security (OTC markets) is 
important. The benefit of the latter is that it is flexible and dif- 
ferent currencies of cash and various securities (and, in theory, 
even non-financial collateral) can be used. However, margin 
as security is not economically owned and has associated 

risk, such as legal challenges regarding ownership. Margin as 
settlement is more convenient as its value is realised immedi- 
ately, but it must, therefore, be a cash payment, most obvi- 
ously in the same currency as the underlying transaction. This 
chapter will be largely concerned with margin in bilateral OTC 
derivatives. 


Whilst break clauses (Section 11.1.1) and resets (Section 11.1.2) 
can provide some risk-mitigating benefit in these situations, 
margining is a more dynamic and generic concept. A break 
clause can be seen as a single payment of margin and termina- 
tion of the transaction. A reset feature is essentially a periodic 
(infrequent) settlement payment, similar to margin, made to 
neutralise an exposure. 


A margin agreement reduces risk by specifying that margin 
must be posted by one counterparty to the other to support 
an exposure. In OTC derivatives markets, the margin receiver 
typically only becomes the permanent economic owner 

of the margin (aside from any potential legal challenge) if 
the margin-giver defaults. In the event of default, the non- 
defaulting party may retain the margin and use it to offset 
any losses relating to the positive value of their portfolio. As 
with netting, this needs to be legally enforceable. Like net- 
ting agreements, margin agreements may be two-way, which 
means that either counterparty is required to post margin 
against a negative value (from their point of view). One or 
both counterparties will periodically mark all the relevant 
positions to market and calculate the net value. They will then 
check the terms of the underlying agreement to calculate 
whether they are owed margin and vice versa. 


The basic idea of margining is illustrated in Figure 11.3. Parties 
A and B have one or more transactions between them and 
therefore agree that one or both of them will exchange margin 
in order to offset the exposure that will otherwise exist. The 
rules regarding the timings, amounts, and type of margin posted 
should naturally be agreed before the initiation of the underly- 
ing transaction(s). To keep operational costs under control, post- 
ing of margin will not be continuous and will sometimes occur 

in blocks according to pre-defined rules. In the event of default, 
the surviving party may retain some or all of the margin to offset 
losses that they may otherwise incur. 


Note that, since margin agreements are often bilateral, margin 
must be returned or posted in the opposite direction when 
exposure decreases. Hence, in the case of a positive valuation, a 
party will call for margin, and in the case of a negative valuation, 
they will be required to post margin themselves. Posting margin 
and returning previously received margin are not materially very 
different. One exception is that, when returning, a party may 
ask for specific securities back, whereas when posting outright, 
optionality may exist. 


Margin posted against OTC derivatives positions is, in most 
cases, under the control of the counterparty and may be 


————- 
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Figure 11.3 | Illustration of the basic role of margin. 
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Loan Interest rate swap 
margin 
Borrowing à 
Fixed rate 
End - 
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Floating rate Floating rate 


UCAR Illustration of the classic end user counterparty 


risk setup shown previously in Figure 2.9 with margin 
included. 


liquidated immediately upon an event of default. This arises due 
to the laws governing derivatives contracts and the nature of the 
margin (cash or liquid securities). Counterparty risk, in theory, 
can be completely neutralised as long as a sufficient amount 

of margin is held against it. However, there are legal obstacles 
to this and issues such as rehypothecation. Bankruptcies such 

as Lehman Brothers and MF Global have provided evidence of 
the risks of rehypothecation (see Section 11.5.4). It is therefore 
important to note that, whilst margin can be used to reduce 
counterparty risk, it gives rise to new risks, such as market, oper- 


ational, and liquidity risk. 


Margin also has funding implications. Consider the bank and 
end user viewpoints with margin included (Figure 11.4). An 
end user will be directional and so when posting margin may 
have to source the cash or assets to post and may not natu- 
rally hold liquid resources that could be used. An end user 
hedging another financial instrument such as a loan will not 
receive margin from the loan to offset that required on the 
derivative. 


The above is why some end users have historically been 
unable or unwilling to post margin. However, this creates 

an associated problem for a bank, since hedging an uncollat- 
eralised transaction with a collateralised one will expose 
them to asymmetric margin-posting (Figure 11.5). These 
aspects require consideration of funding and funding value 
adjustment (FVA). 


Uncollateralised Collateralised 


margin 


Fixed rate Fixed rate 
Client ~ "Bank » 
Floating rate Floating rate 


| Figure 11.5 | Illustration of the classic bank setup 


shown previously in Figure 2.10 with margin included. 


Bank 


11.2.3 Variation Margin and Initial 
Margin 


There are two fundamentally different types of margin. 
Primarily, margin would most obviously reflect the 
valuation of the underlying transactions, which can 
generally be positive or negative from each party's point 
of view. This idea forms the basis of ‘variation margin’. 
Typically, the base valuation (i.e. without xVA) is typically 
used for variation margin calculations because it is the 
most obvious and easy way to define a valuation that can 
be agreed upon by both parties on a frequent basis. Although 
this base valuation is not the actual valuation, it has the benefit 
that it is probably symmetric (i.e. both parties can potentially 
agree on the valuation) and relatively easy to calculate. 
Furthermore, since margin has an impact on xVA, any inclusion 
of xVA in the valuation for margining purposes would create a 
recursive problem (this is similar to the discussion on close-out 
and xVA in Section 10.3.4). 


In an actual default scenario, the variation margin is likely to 
be insufficient to cover the costs experienced by the surviving 
party. This is primarily a result of two factors: 


e the inherent delay in the process between the time the party last 
posted margin and the time they were declared in default; and 


e the associated costs in replacing and/or rehedging defaulted 
transactions. 


The above components are often considered together as the 
margin period of risk (MPoR). 


Due to the imperfection of variation margin in relation to the 
above two components, additional margin is sometimes used 
in the form of ‘initial margin’. Historically, the term ‘indepen- 
dent amount’ has been used in association with OTC deriva- 
tives transactions under ISDA agreements. However, the term 
initial margin — which originated on exchanges and in central 
clearing — is becoming more common and will be used here. 
Figure 11.6 conceptually shows the roles of variation and initial 
Margins. 


ISDA (2015) reports that cash makes up around three-quarters of 
variation margin and just over half of the initial margin, with gov- 
ernment securities being the next most common margin type. 


Historically, the bilateral OTC derivatives market has used mar- 
gin almost entirely in the form of variation margin, and initial 
margin (independent amount) has been quite rare. Initial margin 
is amuch more common concept on derivative exchanges and 
central counterparties (CCPs). However, regulation covering 
margin-posting in bilateral markets is making initial margin more 
common (Section 11.4). 


222 Financial Risk Manager Exam Part Il: Credit Risk Measurement and Management 


Change in Variation 

valuation margin 
Initial 
margin 

CMSA Illustration of the difference between 


variation and initial margins as forms of collateralisation. 
Variation margin aims to track the value of the relevant 
portfolio through time, whilst initial margin represents an 
additional amount that may be needed due to delays and 
close-out costs in the event of a counterparty default. 


11.2.4 Method of Transfer 
and Remuneration 


OTC derivatives margin is typically exchanged by the parties 
directly and not held by a third-party custodian (although this is 
changing in part, as discussed in Section 11.4). In practice, there 
are two different methods of margin transfer: 


e Security interest. In this case, the margin does not change 
hands, but the receiving party acquires an ownership inter- 
est in the margin assets and can use them only in the case of 
certain contractually-defined events (e.g. default). Other than 
this, the margin-giver generally continues to own the securi- 
ties. This is typically the case under New York law. 


e Title transfer. Here, legal possession of margin changes 
hands and the underlying margin assets (or cash) are trans- 
ferred outright in terms of ownership, but with potential 
restrictions on their usage. Aside from any such restrictions, 
the margin-holder can generally use the assets freely, and the 
enforceability is therefore stronger. This ‘outright transfer’ is 
more common under English law. 


ISDA (2015) reports that the New York law pledge agreement is 
most common, making up 46.8% of surveyed non-cleared margin 
agreements, and the English law title transfer makes up 30.1%. 


The above choices can materially change the parties’ rights and 
obligations and their position in the event of the default of the 
other party. In general, title transfer is more beneficial for the 
margin-receiver since they hold the physical assets and are less 
exposed to any issues such as legal risk. Security interest is pref- 
erable for the margin-giver since they still hold the margin assets 
and are less exposed to problems such as overcollateralisation 

in the event the margin receiver defaults (where, under title 


transfer, the additional margin may form part of the bankruptcy 
estate and not be returned). 


The receiver of margin must pass on coupon payments, divi- 
dends, and any other cash flows. One exception to this rule is 
in the case where an immediate margin call would be triggered. 
In this case, the margin-holder may typically keep the minimum 
component of the cash flow (e.g. coupon on a bond) in order to 
remain appropriately collateralised. 


The margin agreement will also stipulate the rate of interest to 
be paid on cash (irrespective of whether title transfer or security 
interest is used). Interest will typically be paid on cash margin at 
the overnight indexed spread (OIS) rate, for example, the Euro 
Overnight Index Average (EONIA) in Europe and Fed Funds in 
the US). Note that interest is not required on exchanges since 
the margin represents a settlement. Some counterparties, typi- 
cally sovereigns or institutional investors, may subtract a spread 
on cash to discourage receiving cash margin (and encourage 
securities), since cash must be invested to earn interest or 
placed back in the banking system. Occasionally, a margin- 
receiver may agree to pay a rate higher than OIS to compensate 
for this funding mismatch or to incentivise the posting of cash. 


The logic behind using the OIS rate is that since margin may 
only be held for short periods (due to potentially substantial 
daily valuation changes), only a short-term interest rate can be 
paid. However, OIS is not necessarily the most appropriate mar- 
gin rate, especially for long-dated transactions where margin 
may need to be posted in substantial amounts for a long period. 
This may lead to a negative ‘carry’ problem due to an institution 
funding the margin posted at a rate significantly higher than the 
OIS rate they receive for posting the collateral. This can be con- 
sidered to be the source of funding costs (FVA). 


Where there is optionality in a margin agreement (e.g. the 
choice of different currencies of cash and/or different securities), 
this may be quantified via collateral funding adjustment (ColVA). 


It may be that a party requires or wishes margin securities to be 
returned. This may be for a variety of reasons, such as: 


e needing to deliver securities to a different party under either 


another margin agreement or repo transaction;° 


e wanting to hold securities during the period when coupons 
or dividends are paid or where a party wants to exercise 
equity voting rights; or 

e to maximise collateral optimisation (‘cheapest to deliver’ 
collateral). 


6 Note that the margin returned need not be exactly the same but must 


be equivalent (e.g. the same bond issue). 
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In such a case, it is possible to make a substitution request to 
exchange an alternative amount of eligible margin (with the rel- 
evant haircut applied). The steps for doing this are: 


1. the margin giver sends a notice requesting a substitution; 
2. (the margin receiver consents to the substitution request); 
3. the margin giver provides the new margin assets; and 
4. 


upon receiving the new margin, the margin receiver returns 
the old margin within the trade settlement date. 


The second step above (i.e. consent) may or may not be 

a requirement depending on the type of transfer being 

used and the election made by the parties. If consent is not 
required for the substitution, then such a request cannot be 
refused’ (unless the margin type is not admissible under the 
agreement), although the requested margin does not need 
to be released until the alternative margin has been received. 
Whether or not margin can be substituted freely is an impor- 
tant consideration in terms of the funding costs and benefits 
of margin and valuing the ‘cheapest to deliver’ optionality 
inherent in margin agreements. 


Note that substitution of margin does create additional credit 
risk during the short period when the margin receiver holds both 
the old and new margin assets. Given that this exists for a short 
period only, it is similar to settlement risk (Section 3.1.2). 


11.2.5 Rehypothecation and Segregation 


Rehypothecation and segregation are broadly opposite terms 
that refer respectively to the reuse and non-reuse of securities 
or cash margin. Each can be seen to be relevant depending 
on the nature of the margin, specifically whether it is varia- 
tion margin or initial margin. 


Due to the nature of the OTC derivatives market, where 
intermediaries such as banks generally hedge transactions, 
margin reuse can be seen to be natural, as illustrated in 
Figure 11.7. Note that if the transactions were settled, then 
the cash amounts would naturally offset. Variation margin 
can, therefore, be seen as ‘quasi-settlement’. 


Whilst cash margin and margin posted under title transfer 
(Section 11.2.4) are intrinsically reusable, in other situations 
the margin receiver must have the right of rehypothecation 
to allow it to be reused. Reuse means that it can be used by 
the margin receiver (e.g. in another margin agreement or a 


Reuse margin 


A , api P d 
Transaction Hedge 

Illustration of the importance of reuse 
of margin. Party X transacts with counterparty A and 
hedges this transaction with party B, both under 
margin agreements. If party A posts margin, then it is 
natural that this is reused via posting to party B as the 
hedge will have equal and opposite value. 


repo transaction). Rights of rehypothecation are generally used, 
as seen in Figure 11.8. 


Rehypothecation is a natural concept for variation margin since 
this relates to a change in valuation (i.e. it is an amount that is 
owed) and is quasi-settlement. Rehypothecation is therefore 
important in OTC derivatives markets where many parties have 
multiple hedges and offsetting transactions, and there needs to 
be a flow of margin through the system. Note that these com- 
ments relate to minimising funding costs: from the point of view 
of funding, rehypothecation is important since it reduces the 
demand for high-quality collateral. 


From the point of view of counterparty risk, rehypothecation is 
dangerous since it creates the possibility that rehypothecated mar- 
gin will not be received in a default scenario. However, for variation 
margin, this impact is minimal because, in the event of a counter- 
party default, the margin provided can be set off (Section 10.3.6) 
against the liability? (i.e. what is paid is owed based on the current 


Eligible for rehypothecation 


{ — 


E Actually rehypothecated 


Other 


Cash Securities 


CMESEEJ Illustration of rehypothecation of margin 
(large dealers only). 


Source: ISDA (2015). 


7 For example, on the grounds that the original margin has been 
repoed, posted to another counterparty, sold, or is otherwise 
inaccessible. 


8 In other words, the negative valuation, which is the reason the variation 


margin has been required. Note that, as with netting, it is important to 
check that this would be upheld from a legal perspective. 
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valuation). There are two ways in which rehypothecation of varia- 
tion margin does create counterparty risk: 


e Counterparty risk is created by margin that needs to be 
returned against a positive change in value. However, under 
frequent exchange of margin (e.g. daily) this should be a rela- 
tively small problem. 


e Margin assets requiring haircuts require overcollateralisation, 
which also creates counterparty risk due to the extra amount 
posted. Again, with small haircuts this is a relatively minimal 
effect. 


Rehypothecation of variation margin is therefore not particularly 
problematic from a counterparty risk perspective since, by defi- 
nition, it has a close relationship to the amount owed. 


In contrast to variation margin, rehypothecation (or more 
broadly, reuse) is not a natural concept for initial margin. This is 
due to the fact that initial margin represents extra margin (over- 
collateralisation). Bankruptcies such as Lehman Brothers and MF 
Global illustrate the potential problems where rehypothecated 
assets were not returned. Singh and Aitken (2009) reported a 
significant drop in rehypothecation in the aftermath of the crisis, 
which is mainly related to initial margin (independent amount). 


Even if margin is not rehypothecated or reused, there is a risk that 
it may not be retrieved in a default scenario. This risk can be miti- 
gated by segregation, which aims to ensure that margin posted 

is legally protected in the event that the receiving party becomes 
insolvent. In practice, this can be achieved either through legal 
rules that ensure the return of any margin not required (in priority 
over any bankruptcy rules), or alternatively by a third-party custo- 
dian holding the initial margin. Segregation is therefore contrary 
and incompatible with the practice of rehypothecation. The basic 
concept of segregation is illustrated in Figure 11.9. 


Since initial margin represents extra margin that is not owed, seg- 
regation can avoid there being additional counterparty risk in rela- 
tion to the initial margin posted. Historically, rehypothecation of 
initial margin and co-mingling of variation and initial margins has 
created problems for surviving parties in default scenarios such as 


Margin 
ra @ 
„AO 
A B 


GETSEER) Illustration of the concept of segregation. 
Party A posts margin to party B, which is segregated 


either legally (priority rules in bankruptcy) and/or 
operationally (with a third party). 


Lehman Brothers and MF Global. Such practices have, therefore, 
reduced. For example, hedge funds (as significant posters of ini- 
tial margin) have become increasingly unwilling to allow rehypoth- 
ecation. Whilst safer from the point of view of counterparty risk, 
segregation does create higher funding costs. 


There are three potential ways in which segregated margin can 


be held: 


e directly by the margin receiver; 
e bya third party acting on behalf of one party; or 


e in tri-party custody where a third party holds the margin 
and has a three-way contract with the two other parties 


concerned. 


It is important to note that there are concepts of ‘legal segrega- 
tion’ (achieved by all three methods above) and ‘operational 
segregation’ (achieved only by the latter two). In the MF Global 
default, parties had legal but not operational segregation, and 
due to fraudulent behaviour they lost margin that they would 
have expected to have had returned. Since cash is fungible by 
its nature, it is difficult to segregate on the balance sheet of the 
margin receiver. Hence, a tri-party arrangement where the mar- 
gin is held in a designated account, and not rehypothecated or 
reinvested in any way, may be desirable. On the other hand, this 
limits investment options and makes it difficult for the margin 
giver to earn any return on their cash. Even if margin is held with 
a third- or tri-party agent, it is important to consider potential 
concentration risk with such third parties. 


From the point of view of achieving segregation with minimal 
risks, the following conditions are important: 


e the margin is pledged (not title transfer);” 


e the margin is held with a third-party custodian that is not 
affiliated with the counterparty; and 


e the margin cannot be reused or rehypothecated. 


Note that segregation, whilst clearly the optimal method for 
reducing counterparty risk, causes potential funding issues for 
replacing margin that would otherwise simply be rehypothecated. 
This is at the heart of the cost/benefit balance of counterparty risk 
and funding that will be discussed in more detail in Section 11.6. 


The above comments — that rehypothecation is natural for varia- 
tion margin, whereas initial margin-posting requires segregation — 
is borne out in regulatory requirements over bilateral margin- 
posting (discussed later in Section 11.4), which generally require 


segregation of initial margin but not variation margin. 


? Title transfer leaves the margin giver as an unsecured creditor in the 
event of default of the margin receiver, since ownership of the underly- 
ing asset passes to the margin receiver at the time of transfer (and title 
is passed on in the event of rehypothecation). 
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LEJ CHKA = Comparison of the Impact of Variation Margin in Various Derivatives Markets 


Type 
Exchange Cash (transaction currency) 
Centrally cleared OTC Cash (transaction currency) 
Bilateral OTC Bespoke 


Remuneration Effect 


p= | Settlement 


Collateralisation 


OIS Collateralisation 


11.2.6 Settle to Market 


As noted in Section 2.2.4, variation margin on exchanges is 
effectively a settlement, since it is generally required to be paid 
in cash and with no remuneration. On the other hand, OTC 
derivatives margin is not traditionally a settlement, which can be 
seen by the fact that an interest rate is paid to the margin giver 
on cash and the fact that — bilaterally — it may be possible to 
post margin in a range of different ‘bespoke’ securities or cur- 
rencies of cash. This is outlined in Table 11.2. 


Note that centrally cleared OTC and collateralised bilateral 
OTC derivatives are effectively ‘collateralised to market’. In the 
case of bilateral transactions, this is a result of the potentially 
bespoke nature of the margin terms (noting that these are 
becoming more standard. In centrally-cleared OTC derivatives, 
the margining is equivalent to that of an exchange, but an inter- 
est rate is paid, typically known as price alignment interest (PAI); 
this is an interest rate used by CCPs to replicate the economics 
of bilateral OTC contracts. 


Given that CCPs require variation margin (VM) to be in the same 
currency as the derivative and in cash, this margining process can 
be considered to be analogous to settlement. For example, the 
European Banking Authority (EBA 2015c) comments that, ‘As cash 
for VM is considered the pure settlement of a claim, this should 
not be subject to any haircut.’ Hence, some centrally-cleared OTC 
derivatives under variation margining are being classed as settle- 
to-market (STM).'° The advantage of this is a potentially more 
secure legal framework in the event of default and reduced regu- 
latory capital (including leverage ratio) costs since the regulatory 
maturity of the derivative is effectively shortened to one day or 
the lowest permitted maturity bucket. In an STM contract, interest 
is still paid (to maintain economic equivalence with bilateral OTC 
contracts). 


11.2.7 Valuation Agent, Disputes, 


and Reconciliations 


The valuation agent is normally the party calling for the deliv- 
ery or return of margin and thus must handle all calculations. 


10 LCH.Clearnet (2017). Changes to the LCH model for Settled-to-Market 
FCM Contracts. Press release (11 December). www.ich.com. 


Bilaterally, large counterparties trading with smaller counterpar- 
ties may be valuation agents for all purposes. Alternatively, both 
counterparties may be the valuation agent, and each will call for 
(the return of) margin when they have an exposure (less negative 
value). In these situations, the potential for margin disputes is 
significant. 


The role of the valuation agent in a margin calculation is as 
follows: 


e to calculate the current value, including the impact of netting; 


e to calculate the market value of margin previously posted 
and adjust this by the relevant haircuts; 


e to calculate the total uncollateralised exposure; and 


e to calculate the credit support amount (the amount of margin 


to be posted by either counterparty). 


A dispute over a margin call is common and can arise due to 
one or more of a number of factors: 


e trade population; 
e trade valuation methodology; 


e application of credit support annex rules (e.g. thresholds and 
eligible collateral); 


e market data and market close time; and 


e valuation of previously-posted collateral. 


Note that for centrally-cleared transactions, margin disputes 
are not relevant since the CCP is the valuation agent. However, 
CCPs will clearly aim to ensure that their valuation methodolo- 
gies and resulting margin requirements are market standard, 
transparent, and robust. 


In bilateral markets, reconciliations aim to minimise the chance 
of a dispute by agreeing on valuations and margin requirements 
across portfolios. The frequency of reconciliations is increasing; 
for example, ISDA (2015) notes that most portfolios — especially 
large ones — are reconciled on a daily basis. Both Dodd—Frank 
and the European Market Infrastructure Regulation (EMIR) 
require more rigorous and frequent portfolio reconciliations, 
and there may be increased capital requirements for banks as 

a result of disputes. Margin management practices are being 
continually improved. One example of this is the increase in 
electronic messaging in order for margin management to move 
away from manual processes (ISDA 2015). 
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In order to reduce operational risks and improve the efficiency 
of margining, various third parties also offer services around 
valuation, exchange of margin, dispute management, and port- 
folio reconciliation. 


11.3 MARGIN TERMS 
11.3.1 The Credit Support Annex 


Traditionally, there has been no obligation in an OTC deriva- 
tives contract for either party to post margin. However, within 
an ISDA Master Agreement, it is possible to append a credit 
support annex (CSA) where the parties agree to contractual 
margin-posting. The CSA has become the market-standard mar- 
gin agreement in bilateral markets.'' ISDA (2015) reports that 
34% of market participants have more than 3,000 margin agree- 
ments. '* As with netting, ISDA has legal opinions throughout a 
large number of jurisdictions regarding the enforceability of the 
provisions within a CSA. The CSA will typically cover the same 
range of transactions as included in the Master Agreement, 

and it will typically be the net value of these transactions that 
will form the basis of margin requirements. Exceptions to this 
include instances where two parties change terms by creating 

a new CSA only for future transactions, leaving legacy transac- 
tions under the old CSA(s). In other words, there can be two 
CSAs under a single ISDA Master Agreement. This has been the 
general approach for banks implementing the bilateral margin 
requirements (Section 11.4). 


Within the CSA, two parties can choose a number of key param- 
eters and terms that will define the margin-posting requirements 
(credit support amount) in detail. These cover many different 
aspects, such as: 

e method and timings of the underlying valuations; 

e the calculation of the amount of margin that will be posted; 

e the mechanics and timing of margin transfers; 

e eligible margin (currencies of cash and types of securities); 

e margin substitutions; 

e dispute resolution; 

e remuneration of margin posted; 

e any initial margin amounts; 

e haircuts applied to margin securities; 


e possible rehypothecation (reuse) of margin securities; and 


11 Of margin agreements in use, 87% are ISDA agreements (ISDA 20130). 


12 The respondents to this survey were 41 ISDA member firms, most of 
whom are banks or broker-dealers. 


e triggers that may change the margin conditions (e.g. 
rating downgrades that may lead to enhanced margin 
requirements). 


One important point with bilateral CSA documentation is that 
the underlying terms are agreed upfront on signing the CSA and 
can only be changed by mutual agreement through an amend- 
ment to the documentation. In contrast, a CCP can unilaterally 
change terms in response to market changes (e.g. some CCPs 
have increased and/or restricted margin requirements in illiquid 
and volatile markets in recent years). 


When parties have a given CSA in place, the underlying transac- 
tions must be valued regularly (typically daily) and the impact 

on the required margin amount recalculated. Depending on 

the result of this, one party may be required to post (or return) 

a specific amount of margin. There need to be procedures in 
place to deal with disputes over the calculations, and parties 
may make periodic reconciliations to reduce the risk of disputes. 


11.3.2 Types of CSA 


The parameters of a CSA are a matter of negotiation between 
the two parties concerned. '? Due to the very different nature 
of OTC derivatives counterparties, different margin arrange- 
ments exist. Some institutions (e.g. corporates) are unable to 
post margin; this is because, generally, they cannot commit 

to the resulting operational and liquidity requirements. Some 
institutions (e.g. sovereign, supranational entities, or multilateral 
development banks with high credit ratings) receive margin 

but are unwilling to post, a position partially supported by their 
exceptional (generally triple-A) credit quality. Non-margin- 
posting entities generally prefer (or have no choice) to pay xVA 
charges for the counterparty risk, funding, and capital require- 
ments (KVA) they impose on a bank,'* rather than agreeing to 
post margin to mitigate these charges. 


Broadly speaking, three possible margin agreements exist in 
practice: 


e No CSA. In some OTC derivatives trading relationships, there 
is no CSA, since one party cannot or prefers not to commit to 
margin-posting. A typical example of this is the relationship 
between a bank and a corporate where the latter's inability 
to post margin means that a CSA is not usually in place (e.g. 
a corporate treasury department may find it very difficult to 


manage its liquidity needs under a CSA).'° 


'3 Although future regulatory requirements will reduce the need for 


negotiation (Section 11.4). 
14 Note that some xVA terms can constitute benefits overall. 


'S Some large corporates do post margin. 
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e Two-way CSA. For two financial counterparties, a two-way 
CSA is more typical, where both parties agree to post mar- 
gin. Two-way CSAs with zero thresholds are standard in the 
interbank market and aim to be beneficial (from a counter- 
party risk point of view, at least) to both parties. 


e One-way CSA. In some situations, a one-way CSA is used, 
where only one party can receive collateral. This actually rep- 
resents additional risk for the margin giver and puts them in 
a worse situation than if they were in a no-CSA relationship. 

A typical example is a high-quality entity such as a triple-A 
sovereign or supranational trading with a bank. Banks them- 
selves have typically been able to demand one-way CSAs in 
their favour when transacting with some hedge funds. Note 
that one-way CSAs are often based on a rating schedule (see 
Table 11.4) and would be symmetric if the party's ratings were 
the same. The considerations of funding and capital costs have 


made such agreements particularly problematic in recent years. 


Note that the above are general classifications and are not iden- 
tified contractually. For example, a one-way CSA would specify 
a threshold (Section 11.3.4) of infinity, possibly contingent on 

a strong rating, for the non-posting party. Hence, an endless 
number of different CSA agreements actually exist based on the 
terms that will be defined in Sections 11.3.3 to 11.3.5. 


Margin-posting across the market is quite mixed depending on 
the type of institution (Table 11.3). In general, banks will almost 
always trade under CSAs, financial institutions will often use 
CSAs, whilst non-financial counterparties will often not trade 
under a CSA. Note that high-credit-quality sovereigns and simi- 
lar entities under one-way CSAs will be uncollateralised from a 


bank's point of view. 


LEICA KREJ Proportion of Each Type of Counterparty 
Transacting Under a CSA 


Institution Type Proportion Under a CSA 


Dealers 90.4% 
Banks and security firms 95.5% 
Hedge funds 94.1% 
Pension plans 75.3% 
Mutual funds 68.8% 
Other financial firms 70.4% 
Non-financial institutions 28.6% 
Government-sponsored entities/ 

Government agencies 42.4% 
Sovereign national governments 69.0% 
Local or regional government 75.6% 


entities 
Source: ISDA (2015). 


The main reasons for a party not agreeing to post margin are 
the liquidity needs and operational workload related to posting 
cash or high-quality securities under stringent margin agree- 
ments. Other aspects may include internal or external restric- 
tions (for example, monoline insurers were only able to gain 
triple-A credit ratings by virtue of not posting margin) and the 
economic view that uncollateralised trading is cheaper than col- 
lateralised trading (when liquidity costs are factored in). 


A margin agreement must explicitly define all the parameters 
of the collateralisation and account for all possible scenarios. 
The choice of parameters will often come down to a balance 
between the workload of calling and returning margin versus 
the risk-mitigation benefit of doing so. Funding implications, 
not historically deemed important, should also be considered. 
The following sections explain the parameters that define the 
amount of collateral that must be posted. 


11.3.3 Margin Call Frequency 


The margin call frequency refers to the contractual periodic 
timescale with which margin may be called and returned. A 
longer margin call frequency may be agreed upon, most prob- 
ably to reduce operational workload and in order for the rel- 
evant valuations to be carried out. Some smaller institutions 
may struggle with the operational and funding requirements in 
relation to the daily margin calls required by larger counterpar- 
ties. Whilst a margin call frequency longer than daily might be 
practical for asset classes and markets that are not so volatile, 
daily calls have become standard in most OTC derivatives mar- 
kets. Furthermore, intraday margin calls are common for more 
vanilla and standard products such as repos and for derivatives 
cleared via CCPs. 


Note that the margin call frequency is not the same as the MPoR 
(Section 11.2.3). The MPoR represents the effective delay in 
receiving margin that should be considered in the event of a 
counterparty default. The margin call frequency is one compo- 
nent of this, but there are other considerations also. It could, 
therefore, be that the margin call frequency is daily, but the 
MPoR is assumed to be 10 days. 


11.3.4 Threshold, Initial Margin, 
and the Minimum Transfer Amount 


The threshold is the amount below which margin is not required, 
leading to undercollateralisation. If the portfolio value is below 
the threshold, then no margin can be called, and the underlying 
portfolio is therefore uncollateralised. If the value is above the 
threshold, only the incremental amount of margin can be called 
for. Although this clearly limits the risk-reduction benefit of the 
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collateralisation, it does reduce the operational burden and under- 
lying liquidity costs of margin-posting. A threshold of zero means 
that margin would be posted under any circumstance, 'ć and an 
infinite threshold is used to specify that a counterparty will not 
post margin under any circumstance (as in a one-way CSA, for 


example). 


Thresholds typically exist because one or both parties can gain 

in operational and liquidity costs and the associated weakening 

of the collateralisation is worth this. Some counterparties may be 
able to tolerate uncollateralised counterparty risk up to a certain 
level (e.g. banks will be comfortable with this up to the credit limit 
for the counterparty in question). Thresholds are increasingly zero 
and can only be non-zero for parties that are exempt from the 
bilateral margin requirements (Section 11.4). 


A minimum transfer amount (MTA) is the smallest amount of 
margin that can be transferred. It is used to avoid the workload 
associated with a frequent transfer of insignificant amounts of 
(potentially non-cash) margin. The size of the minimum transfer 
amount again represents a balance between risk mitigation 
versus operational workload. The minimum transfer amount 
and threshold are additive in the sense that the exposure must 
exceed the sum of the two before any margin can be called. We 
note that this additively does not mean that the minimum trans- 
fer amount can be incorporated into the threshold — this would 
be correct in defining the point at which the margin call can be 
made, but not in terms of the margin due. 


There may also be a specified rounding of margin amounts to 
avoid dealing with awkward quantities. This is typically a rela- 
tively small amount and will have a small effect on the impact 

of collateralisation. Note that minimum transfer amounts and 
rounding quantities are relevant for non-cash margin where the 
transfer of small amounts is problematic. In cases where cash- 
only margin is used (e.g. variation margin and CCP), these terms 
are generally zero. 


Initial margin is the opposite of a threshold and defines an 
amount of extra margin that must be posted independently 
from the value of the underlying portfolio. The general aim of 
this is to provide the added safety of overcollateralisation as a 
cushion against potential risks such as delays in receiving margin 
and costs in the close-out process (Section 11.2.3). Initial margin 
relates to the variability of the value rather than the value itself. 


As noted above, the initial margin in bilateral OTC deriva- 
tives (known as the independent amount) was historically quite 
rare and was a payment in only one direction (usually from a 


16 Assuming that the amount is above the minimum transfer amount 
discussed next. 


weaker-credit-quality party to a stronger-credit-quality party). 
For exchange-traded derivatives and centrally-cleared OTC 
derivatives, initial margin is always required. However, the bilat- 
eral margin requirements (Section 11.4) are requiring that initial 
margin be posted in bilateral OTC derivatives also, irrespective 
of credit quality. Initial margin is, therefore, becoming a com- 
mon feature of derivatives transactions, with the exception of 
bilateral OTC derivatives where one party (or the product) is 
exempt from the bilateral margin requirements. 


Unlike parameters such as thresholds which are fixed quantities, 
initial margin amounts typically change over time according to the 
perceived risk on the portfolio. Sometimes these are simple meth- 
odologies (e.g. based on notional, transaction type, and remaining 
maturity), but more commonly they are becoming quite complex, 
dynamic calculations. This is important to emphasise as the term 
initial margin may suggest a static quantity (this was the case when 
initial margin was first used, but it is not so any more). 


Note that since thresholds and initial margins essentially work 
in opposite directions, and an initial margin can be thought of 
(intuitively and mathematically) as a negative threshold, these 
terms are not seen together: either undercollateralisation is 
specified via a threshold (with zero initial margin), or an initial 
margin defines overcollateralisation (with a threshold of zero). 


Historically, bilateral OTC derivative markets have sometimes 
also linked thresholds and initial margin requirements (and 
sometimes minimum transfer amounts) to credit quality (most 
commonly credit ratings). An example of this is given in 
Table 11.4. The motivation for doing this is to minimise the 
operational workload when a counterparty’s rating is high 
(the threshold is infinity at a rating of AAA), but to tighten the 


IEJ CHER: J Example of Rating-Linked Margin Para- 
Meters. This Could Correspond to One or Both Parties 


Rating Threshold 
AA+/Aa1 $100m 
naa ssor 
AA-/Aa3 $25m 
NIA s 
nnd so 
rere so 
BBB+/Baa1 $0 


a Expressed in terms of the total notional of the portfolio. 


17 Other less common examples are net asset value, market value of 
equity or traded credit spreads. 
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collateralisation terms when their credit quality deteriorates (at 
A+ the threshold is zero, and below this an initial margin is also 
required). 


Prior to the GFC, triple-A entities such as monoline insurers 
traded through one-way margin agreements (i.e. they did not 
post margin), but with triggers specifying that they must post 

if their ratings were to decline. Such agreements can lead to 
rather unpleasant effects, since a downgrade of a counterparty’s 
credit rating can occur rather late with respect to the actual 
decline in credit quality, which in turn may cause further credit 
issues due to the requirement to post collateral. This is exactly 
what happened with AIG (see below) and monoline insurers in 
the GFC. 


THE DANGERS OF CREDIT RATING 
TRIGGERS 


The case of American International Group (AIG) is 
probably the best example of the funding liquidity 
problems that can be induced by margin posting. In 
September 2008, AIG was essentially insolvent due to 
the margin requirements arising from credit default 
swap transactions executed by their financial products 
subsidiary AIGFP. In this example, one of the key aspects 
was that AIGFP posted margin as a function of their 
credit rating. The liquidity problems of AIG stemmed 
from the requirement to post an additional $20bn of 
margin as a result of its bonds being downgraded. '® Due 
to the systemic importance of AIG, the Federal Reserve 
Bank created a secured credit facility of up to $85bn to 
allow AIGFP to post the margin they owed and avoid the 
collapse of AIG. 


These two problems of rating linkage are now quite 
characterised: 


e from a risk-mitigating point of view, they may be ineffectual 
due to the rating reacting too slowly; and 


e they may create liquidity problems and cliff-edge effects for a 
counterparty being downgraded. 


The above asymmetry is recognised by regulation. For example, 
Basel capital rules do not allow a capital benefit from credit rat- 
ing triggers (see BCBS 2011b) and so assume — conservatively — 
that a counterparty will default without first being downgraded. 
On the other hand, the liquidity coverage ratio rules require 

a bank to pre-fund outflows such as ratings-contingent initial 
margin-posting. For example, based on Table 11.4, a bank rated 
A+ would have to fund 2% of initial margin based on a three- 
notch downgrade to BBB+. 


18 AIG Form 10-K (2008). 


Cash 
74.9% 


Other 


10.3% ~A 


GMESIKIJ Breakdown of the type of margin 


received against non-cleared OTC derivatives. 


securities 
14.8% 


Source: ISDA (2014a). 


11.3.5 Margin Types and Haircuts 


An agreement such as a CSA specifies the assets that are admis- 
sible to be posted as margin. Cash (mostly in US dollars and 
Euros) is the major form of margin taken against OTC deriva- 
tives exposures (Figure 11.10). The ability to post other forms 

of margin is often highly preferable for liquidity reasons. Cash 
margin has become increasingly common over recent years — a 
trend which is unlikely to reverse, especially due to cash varia- 
tion margin requirements in situations such as central clearing. 
Government securities comprise a further 14.8% of total margin, 
with the remaining 10.3% comprising government agency secu- 
rities, supranational bonds, US municipal bonds, covered bonds, 
corporate bonds, letters of credit, and equities. 


To the extent that there is price variability of such assets, a ‘hair- 
cut’ acts as a discount to the value of the margin and provides 

a cushion in the event that the security is sold at a lower price. 
The haircut will depend on individual characteristics of the asset 
in question. Haircuts mean that extra margin must be posted, 
which acts as an overcollateralisation to mitigate against a drop 
in the value of the asset, so that lenders will have more chance 
of being fully collateralised. 


Cash is the most common type of margin posted and may not 
attract haircuts. However, there may be haircuts applied to 
reflect the FX risk from receiving the margin in a currency other 
than the ‘termination’ currency of the portfolio in question.'? 
Bonds posted as margin will have price volatility arising from 
interest rate and credit spread moves, although these will be 
relatively moderate (typically a few percent). Margin based on 
equity or commodity (e.g. gold) underlyings will clearly require 
much higher haircuts due to high price variability. 


1? This would refer to the currency in which the portfolio is closed out in 
the event of a default. 


230 E Financial Risk Manager Exam Part Il: Credit Risk Measurement and Management 


Government 


an ii Haircut (%x) 


Margin posted (100%) 


Valuation percentage (1-x%) 


GPTCEERED illustration of a haircut applied to 


collateral. 


Haircuts are typically defined as fixed percentage amounts, 
although they can potentially be based on more dynamic 
amounts derived from a model. In bilateral markets they are 
specified in the agreement and cannot, therefore, be adjusted 
in line with changes in the market (unless both parties agree). A 
CCP is typically able to change contractual haircuts and eligible 
securities and will do so if market conditions change (e.g. a par- 
ticular asset is seen to have greater market volatility, liquidity 
risk, or credit risk). 


The haircut is a reduction in the value of the asset to account for 
the fact that its value may fall between the last margin call and 
liquidation in the event of the counterparty’s default. As such, 
the fixed haircut is theoretically driven by the volatility of the 
asset and its liquidity. A haircut of x% means that for every unit 
of that security posted as collateral, a ‘valuation percentage’ of 
only (1 — x)% will be given, as illustrated in Figure 11.11. The 
margin giver must account for the haircut when posting. 


Volatile assets such as equities or gold are not necessarily prob- 
lematic, as relatively large haircuts can be taken as compensa- 
tion for their price volatility and potential illiquidity. Assets 

with significant credit or liquidity risk are generally avoided as 
haircuts cannot practically be large enough to cover the default 


1E)))(e-y Example Haircuts in a Margin Agreement 


of the margin asset or having to liquidate it at a substantially 
reduced price. Some examples of haircuts, together with eli- 
gible margin types, are shown in Table 11.5. 


Securities in various currencies may be specified as admissible 
margin but may also attract haircuts due to the additional FX 
risk. FX risk from posted margin can be hedged in the spot and 
forward FX markets, but it must be done dynamically as the 
value of the margin changes. If the credit rating of an underlying 
security held as margin declines below that specified in the mar- 
gin agreement, then it will normally be necessary to replace this 
security immediately. 


The important points to consider in determining eligible margin 
and assigning haircuts are: 


e time taken to liquidate the margin; 


e the volatility of the underlying market variable(s) defining the 
value of the margin; 


e default risk of the asset; 

e maturity of the asset; 

e liquidity of the asset; and 

e any relationship between the value of the margin and either 


the default of the counterparty or the underlying exposure 
(wrong-way risk). 


The last point above is often the hardest to implement in a 
prescriptive fashion. For example, high-quality (i.e. above some 
credit rating) sovereign bonds are likely to be deemed as eli- 
gible collateral. They will likely have good liquidity, low default 
risk, and reasonably low price volatility (depending on their 
maturity). However, the CSA may not prevent (for example) a 
bank posting bonds from its own sovereign. 


An obvious way in which to derive a haircut would be to require 
that it covers a fairly severe potential worst-case drop in the 
value of the underlying asset during a given time period, as illus- 
trated in Figure 11.12. The time period would depend on the 


Valuation Percentage Haircut 


Cash in eligible currency 


Debt obligations issued by the governments X 
of the US, UK or Germany with a maturity less 
than one year 


Debt obligations issued by the governments X 
of the US, UK or Germany with a maturity 
between 1 and 10 years 


Debt obligations issued by the governments X 
of the US, UK or Germany with a maturity 
greater than 10 years 
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100% 0% 


X 98% 2% 
X 95% 5% 
90% 10% 
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Margin value 


Se | 


aclig-mmemes Illustration of the methodology for 


estimating a haircut. 


liquidity of the underlying collateral, but would typically be in 
the region of a few days. 


Under normal distribution assumptions, such a formula is easy to 
derive: 


haircut = P~ (a) X o, X Vr at 


where ® (a) defines the number of standard deviations the 
haircut needs to cover involving the cumulative inverse normal 
distribution function and the confidence level a (e.g. 99%). Also 
required is the volatility of the collateral, o., and the liquida- 
tion time (similar to the MPoR concept, but typically shorter), 
denoted 7. For example, assuming a 99% confidence level, two- 
day time horizon, and an interest rate volatility of 1%, a 10-year, 
high-quality (i.e. minimal credit risk) government bond would 
have an approximate haircut of 2%,?? which can be compared 
with the bilateral margin rules discussed in Section 11.4.4.2! 


Haircuts applied in this way should not only compensate for 
collateral volatility but also reduce exposure overall, since they 
should create an overcollateralisation in 99% of cases, and 

they will only be insufficient 1% of the time. Indeed, for a short 
MPoR the use of even quite volatile non-cash collateral does not 
increase the exposure materially, and a reasonably conservative 
haircut will at least neutralise the additional volatility. The major 
issue that can arise with respect to collateral type is where there 
is a significant relationship between the value of the collateral 


201% x © 1(99%) x V 250 = 0.21, and then multiplying by an approxi- 
mate duration of 8.5 years. 
21 This should not be taken to imply that these assumptions were used 


to derive the results in Table 11.5, which has higher (more conservative) 
values. 


and the exposure or credit quality of the counterparty. A sover- 
eign entity posting its own bonds provides an example of this.22 
Note that adverse correlations can also be present with cash 
margin: an example would be receiving euros from European 
sovereigns or European banks. This will be described as ‘wrong- 
way collateral’ and discussed further in Section 11.5.3. 


11.3.6 Credit Support Amount Calculations 


ISDA CSA documentation defines the credit support amount as 
the amount of margin that may be requested at a given point in 
time. Due to parameters such as thresholds, minimum transfer 
amounts, and initial margins, this will not be the same as the 
value of the portfolio. 


SPREADSHEET 11.1 


Margin calculation including thresholds and 
initial margins. 


Consider initially that a party is only receiving margin. The rele- 
vant amount of margin considering only the threshold and initial 
margin will be: 


max(value — Ke, 0) + I Mc (11.2) 


where value represents the current value of the relevant transac- 
tions*? and Kç and | Mc represent the threshold and initial margin 
for the counterparty respectively (note that the threshold is gener- 
ally a fixed value, but the initial margin may be dynamic). The above 
equation shows that the threshold and initial margin act in opposite 
directions, and it does not make sense to include both. Indeed, 
when initial margins are present, the threshold will usually be zero. 


More generally, including both parties, the equation defining 
the credit support amount for variation margin is: 


max(value — Kc, 0) — max(—value — K,, 0) — C (11.3) 


where Kp is the threshold for the party making the calculation and 
C represents the amount of margin held already (known as the 
credit support balance). If the above calculation results in a posi- 
tive value, then margin can be called (or requested to be returned), 
whilst a negative value indicates the requirement to post (or return) 
margin. This is the case as long as the amount is higher than the 
minimum transfer amount (rounding may also be applied). 


22 Note that there are benefits in taking margin in this form. Firstly, more 
margin can be called for as the credit quality of the sovereign dete- 
riorates. Secondly, even a sudden jump to default event provides the 
recovery value of the debt as collateral. After this, the bank would have 
access to a second recovery value as an unsecured creditor. 


23 As noted in Section 11.2.3, this is typically defined as a base value. 
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Initial margins do not depend on any of the above terms and 

so can be considered to be computed separately. Traditionally, 
variation margin is captured in the CSA, as above, by the credit 
support amount, and the initial margin is referred to separately 
as independent amount. Initial margin is not netted against vari- 
ation margin amounts and may also be segregated. In the case 
where both parties post initial margin (not common historically 
but required under future regulation), the initial margins them- 
selves are not netted and are paid separately. 


Note also that margin payments in OTC derivatives are not net- 
ted against cash flow payments, even if they are in the same 
denomination as the cash flows. This is due to the fact that mar- 
gin is not a settlement. In exchange-traded markets, the settle- 
ment process means that such netting effectively does occur. In 
bilateral markets, this gives rise to so-called ‘collateral spikes’, 
where a large cash flow can cause a spike in the risk due to the 
delay in receiving margin against the change in valuation result- 
ing from the payment. 


Table 11.6 illustrates the potential movement in the value of a 
portfolio and the associated margin requirements (without con- 
sidering minimum transfer amounts and rounding). Important 


features are: 


e Time t4. The credit support amount is defined by the value 
minus the threshold amount, which means that the portfolio 
is only partially collateralised. 


e Time ty. Even though the portfolio is uncollateralised by 75, 
the credit support amount is —25, which corresponds to mar- 
gin being returned (up to the threshold). 


Note that minimum transfer amounts (MTAs) can cause path 
dependency in margin calculations, as illustrated in Table 11.7. 
Here, the values at times ty and fy in all scenarios are the same, 
but those at time t4 are not. The result of this is that the credit 
support amount at time ty differs and can either be smaller 
(scenario 1) or larger (scenario 3). The amount of credit support 
that is required at t3 depends on the credit support balance at 

tz, which in turn depends on the previous time t4. This shows that 
MTAs can cause path dependency, which can make the modelling 
of collateralised exposures more complicated (Section 15.5.3). 


LEJA KRJ Example Margin Calculation. No Initial 


Margin 

o h | è 
Fw 325 
Threshold 100 
Credit support balance ce 250 
Credit support amount =25 


LIELJCKKRNA Example Margin Calculation with 
Minimum Transfer Amount (Assumed to be 50) and 
a Threshold of Zero and No Initial Margin 


Scenario 1 a T oa | t, 

Value 90 110 150 
Credit support balance a 90 
Credit support amount E 60 
Scenario 2 ae Sa t, 

Credit support balance ea 110 
Credit support amount 0 
Scenario 3 a ie t, 

Credit support balance 130 
Credit support amount 130 0 0 


LEIJCAKR:] Example Margin Calculation with (Dynamic) 
Initial Margin 


St 


Value 350 375 
Threshold [ee 7 0 
Credit support balance oa 350 
Credit support amount 25 
Initial margin (independent amount) 45 


Table 11.8 illustrates the potential movement in the value of a 
portfolio with a zero threshold and initial margin. Some other 


important features are: 


e Time t,. The portfolio is overcollateralised due to the initial 
margin. 


e Time ta. The move in the value of the portfolio results in a 
margin deficit of 25 (375 — 350), but this is within the initial 
margin amount (in the event of default, there is the question 
of whether the close-out costs would be within the initial 
margin). The reduction of the initial margin will not be netted 


with the increase in variation margin.*4 


11.3.7 Impact of Margin on Exposure 


The impact of margin on a typical exposure profile is shown 
in Figure 11.13. There are essentially two reasons why margin 
cannot perfectly mitigate exposure. Firstly, the presence of a 


24 Note that the initial margin amount will not depend on the value. Ini- 
tial margin methodologies are discussed in more detail in Chapter 9. 
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Exposure 


Time 
Illustration of the impact of margin on 
exposure without initial margin. The margin amount is 
depicted by grey areas. 


— Uncollateralised exposure 


Exposure 


Time 


aclicmmmece illustration of the impact of margin on 


exposure, including initial margin. 


threshold means that a certain amount of exposure cannot be 
collateralised.7° Secondly, the delay in receiving margin and 
parameters such as the minimum transfer amount create a dis- 
crete effect, as the movement of exposure cannot be tracked 
perfectly (this is illustrated by the grey blocks in Figure 11.13).7° 


Initial margin can be thought of as making the threshold nega- 
tive and can, therefore, potentially reduce the exposure to zero. 
This is illustrated in Figure 11.14. 


Margin usage has increased significantly over the last decade, as 
illustrated in Figure 11.15, which shows the estimated amount 
of margin and gross credit exposure. The ratio of these quanti- 
ties gives an estimate of the fraction of credit exposure that is 
collateralised. The overall figure is slightly misleading since it is 
a combination of portfolios that may either be uncollateralised 
(e.g. no CSA or one-way CSA), collateralised (e.g. traditional 
two-way CSA) or overcollateralised (i.e. including initial margin). 


** Note that thresholds are increasingly zero, in which case this is not 
an issue. 


26 The purpose of an initial margin is to mitigate this risk by providing 
a buffer. 


The incoming regulatory rules on bilateral margin will increase 
the trend by requiring greater amounts of both variation and 
initial margin. 


11.3.8 Traditional Margin Practices in 
Bilateral and Centrally-Cleared Markets 


In bilateral OTC derivatives, margin agreements such as CSAs 
are not always used, and when they are relatively bespoke, even 
to the extent that only one party may post margin (one-way 
CSA). This means that agreements are non-standard and there 
is a significant amount of optionality (e.g. there are many pos- 
sibilities about the type of margin that can be delivered across 
currency, asset class, and maturity). Furthermore, initial margin 
(independent amount) has traditionally been rare. 


On the other hand, centrally-cleared OTC derivatives are subject 
to much more standard margining methods that have developed 
over many years of central clearing of exchange-traded deriva- 
tives. Such margining involves frequent paying (receiving) of 
variation margin against losses (gains) in cash in the currency 

of the transaction and added security for the CCP in the form of 
initial margin. This prevents the CCP from having any FX or 
liquidity risk (e.g. margin in different currencies) and minimises 
their counterparty risk exposure. 


Table 11.9 contrasts traditional bilateral and centrally-cleared 
OTC derivative margining practices. 


There have been initiatives to attempt to standardise bilateral 
margining practices. Notably, the ISDA standard credit sup- 
port annex (SCSA) aimed to standardise and reduce embedded 
optionality in CSAs, whilst promoting the adoption of standard 
pricing (e.g. what is now typically known as OIS discounting, 
discussed in Section 16.1.3). An SCSA could also be seen as 
changing the mechanics of the SCSA to be more closely aligned 
to central clearing margin practices. 


In a typical CSA, a single amount is calculated at each period for 
a portfolio, which may cover many currencies. Cash margin may, 
therefore, be posted in different currencies and also typically in 
other securities. In addition, thresholds and minimum transfer 
amounts are commonly not zero. The aim of the SCSA was to 
greatly simplify the process, requiring: 
e cash margin only (with respect to variation margin, any initial 
margins will be allowed in other securities); 


e only currencies with the most liquid OIS curves (USD, EUR, 
GBP, CHF, and JPY) to be eligible; 


e zero thresholds and minimum transfer amounts; and 


e one margin requirement per currency (cross-currency prod- 
ucts are put into the USD bucket). 
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GARSIKH Illustration of the amount of margin for non-cleared OTC derivatives (Source: ISDA 2014a) 


compared to the gross credit exposure (Source: BIS 2014) and the ratio giving the overall extent of collateralising 
of OTC derivatives. Note that the margin numbers are halved to account for double-counting, as discussed in ISDA 
(201 4a). 


1E)-)(eA Comparison of Historical Margining Practices in Bilateral and Centrally-Cleared OTC Derivatives 


Markets 


Rare (independent amount) Must be posted by all parties (except CCP itself) 


Initial margin 


Type (variation margin) 


Relatively flexible 


Type (initial margin) 
Frequency of posting 


Negotiation 


The SCSA did not gain in popularity due largely to the 
currency silo issue where each currency gives rise to a 
margin requirement in cash. It has been largely superseded 
by regulatory rules on bilateral margin-posting, which are 
discussed next. 


11.4 BILATERAL MARGIN 
REQUIREMENTS 


11.4.1 General Requirements 


Regulators have started to impose bilateral margin require- 
ments, often known as the uncleared margin requirements 
(UMR), on most major participants when transacting non- 
centrally-cleared derivatives with one another. The final rules can 


Cash in transaction currency 


Cash and liquid securities 


Daily or less frequently Daily and potentially intradaily?” 


be found in BCBS-IOSCO (2019). In general, these rules have 
the following aims: 


e Reduction of systemic risk. Margin requirements are viewed 
as reducing ‘contagion and spillover effects’ by ensuring that 
margin is available to cover losses caused by the default of a 
derivatives counterparty. 


e Promotion of central clearing. Whilst central clearing is often 
mandatory, the UMR will promote the adoption of central 
clearing by aligning costs (notably initial margin) in a bilateral 
market with those that will exist in centrally-cleared markets. 


The concepts of variation and initial margin are intended to 


reflect current and potential future exposure, respectively. 


27 Intradaily margin is likely to be required in the event of significant 


changes in valuation. 
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The above rules apply to ‘covered entities’ in transactions with 
one another (i.e. if one party in a trading relationship is not a 
covered entity, then the other party does not need to comply 
with respect to this relationship). Parties that are exempt from the 
requirements include sovereigns, central banks, multilateral devel- 
opment banks, and the Bank for International Settlements. Other 
exemptions depend on the region in question. 


With respect to each component, standards state that covered 
entities for non-centrally-cleared derivatives must exchange: 


e Variation margin: 


e Must be exchanged bilaterally on a regular basis (e.g. 
daily). 


e Full margin must be used (i.e. zero threshold). 


e The minimum transfer amount must not exceed 
€500,000.28 


e Can be rehypothecated and netted. 


e Must be posted in full from the start of the rules. 
e Initial margin: 


e To be exchanged by both parties with no netting of 
amounts. 


e Should be based on an extreme but plausible move in the 
underlying portfolio value at a 99% confidence level. 


e A 10-day time horizon should be assumed on top of the 
daily variation margin exchanged (this can be seen to align 
loosely with the MPoR, discussed in Section 11.2.3). 


e Can be calculated based on internal (validated) models or 
regulatory tables. 


e Must be exchanged on a gross basis (i.e. amounts 
posted between two parties cannot cancel), must be 
segregated and cannot be rehypothecated, repledged, 
or reused.*? 


e Follows a phased-in implementation (see Section 11.4.2). 


28 The amounts are defined in euros and there are conversions to other 
currencies. The US dollar equivalent amounts are the same. 


2? Rehypothecation of initial margin is allowed in very limited situa- 
tions where the transaction is a hedge of a client position, and will 

be suitably protected once rehypothecated, with the client having a 
priority claim under the relevant insolvency regime. It must be ensured 
that the initial margin can only be rehypothecated once and the client 
must be informed and agree to the rehypothecation. This is of limited 
benefit due to the potentially large chain of hedges that is executed 
across the interbank market in response to a client transaction. Sawyer, 
N. (2013). Industry ‘won't bother’ with one-time rehypothecation. Risk 
(12 September). www.risk.net. 


Parties are required to meet strict delivery timing requirements 
for margin, in most cases requiring it to be provided within the 


same business day as the date of the calculation.?° 


The collecting counterparty must segregate the initial margin 
either with a third-party holder or custodian or via other legally- 
binding arrangements so that it is protected from the default 
or insolvency of the party holding the initial margin. The initial 
margin must be available to the posting entity in a timely man- 
ner in case the collecting party defaults. In addition, the col- 
lecting counterparty should provide the posting counterparty 
with the option to segregate its collateral from the assets of the 
other counterparties. Counterparties will need to arrange for 
initial margin to be provided by way of security rather than title 
transfer (Section 11.2.4). The collecting counterparty must not 
rehypothecate, repledge, or reuse the collateral collected as 
initial margin, although variation margin may be reused by the 
collecting counterparty. This is all consistent with the aim that 
posting initial margin — being extra margin — should not increase 
counterparty risk (Section 11.2.5). Firms will, therefore, have to 
open accounts and build connectivity with custodians. 


The use of a third party to achieve segregation of initial margin 

is viewed as the most robust protection, although this does raise 
the issue of whether such entities (the number of which is cur- 
rently quite small) would become sources of systemic risk with the 
amount of margin they would need to hold. Arrangements for 
segregation will vary across jurisdictions depending on the local 
bankruptcy regime, and would need to be effective under the rel- 


evant laws and supported by periodically updated legal opinions. 


Rigorous and robust dispute resolution procedures should be in 
place in case of disagreements over margin amounts. This is an 
important point since risk-sensitive initial margin methodologies will 
be, by their nature, quite complex and likely to lead to disputes. 


11.4.2 Phase-in and Coverage 


The UMR apply to all OTC derivatives with the exception of 


t.31 This, like a similar 


FX swaps and forwards, which are exemp 
exemption over clearing, is controversial (Duffie 2011). On the 
one hand, such FX products are often short-dated and more 
prone to settlement risk than counterparty risk. On the other 
hand, FX rates can be quite volatile and occasionally linked to 


sovereign risk, and cross-currency swaps are typically long-dated. 


30 Subject to certain conditions, variation margin may be provided within 
two business days of calculation, under limited circumstances. 


31 In the EU, physically-settled FX forwards are subject to variation 
margin. 
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1F)°)(- wl’) Timescales for the Implementation of Margin Requirements for Covered Entities and Transactions 
Based on Aggregate Group-Wide Month-End Average Notional Amount of Non-Centrally Cleared Derivatives 
(Including Physically Settled FX Forwards and Swaps), Newly Executed During the Immediately Preceding June, 


July, and August 


Date 


Requirement 


Variation margin 


1 September 2016 


Exchange variation margin with respect to new non-centrally-cleared derivative 


transactions if average aggregate notionals exceed €3trn for both parties. 


1 March 2017 


Initial margin 


1 September 2016 to 31 August 2017 (‘Phase 1’) 
1 September 2017 to 31 August 2018 (‘Phase 2’) 
1 September 2018 to 31 August 2019 (‘Phase 3’) 
1 September 2019 to 31 August 2020 (‘Phase 4’) 
1 September 2020 to 31 August 2021 (‘Phase 5’) 
From 1 September 2021 (‘Phase 6’) 


Official implementation dates are shown in Table 11.10, 
although such timescales depend on the implementation of 
local regulations, which have been delayed in some cases.” 
Note that there have been changes to Phase 5 and a new 
Phase 6 which were not in the original regulations (see BCBS- 
IOSCO 2019). See ISDA-SIFMA (2018) for details of thresholds 


in other currencies and details on implementation in other 


regions. 


Whereas variation margins must be posted immediately, initial 
margin requirements are subject to a phase-in with declining 

thresholds until 1 September 2021 and need only apply to new 
transactions executed after the relevant date (applying the ini- 
tial margin requirements to existing derivatives contracts is not 


required). Furthermore, parties can have a threshold of up to 


33 


€50m (based on a consolidated group of entities)*” in relation 


to their initial margin-posting (i.e. they would only post amounts 


32 For example, the U.S. Commodity Futures Trading Commission 
(CFTC) stated that from 1 March 2017 to 1 September 2017, there 
would be no enforcement against a swap dealer failing to comply with 
the variation margin requirements subject to a 1 March 2017 compliance 
date. In the EU, the first date for compliance was 4 February 2017 rather 
than 1 September 2016. 


33 This means that if a firm engages in separate derivatives transactions 
with more than one counterparty, but belonging to the same larger con- 
solidated group (such as a bank holding company), then the threshold 
must essentially be shared in some way between these counterparties. 


As above but with no threshold. 


Exchange initial margin if average aggregate notionals exceed €3trn. 
Exchange initial margin if average aggregate notionals exceed €2.25trn. 
Exchange initial margin if average aggregate notionals exceed €1.5trn. 
Exchange initial margin if average aggregate notionals exceed €0.75trn. 
Exchange initial margin if average aggregate notionals exceed €50bn. 


Exchange initial margin if average aggregate notionals exceed €8bn. 


above the threshold).*4 This threshold was introduced to reduce 
liquidity costs as a result of the requirements.’ 


A particularly strange case for bilateral margining is a cross- 
currency swap. Such products have significant counterparty risk 
due to the large interest rate and FX volatilities and the fact that 
they are typically long dated. Due to the FX exemptions, the FX 
component of a cross-currency swap is exempt from initial margin- 
posting.’ In practice, this means that there will still be material 
counterparty risk on such a transaction since the FX component 
drives the majority of the exposure. On the other hand, this com- 
ponent is not exempt from variation margin posting requirements. 


Note that the requirements allow a party to remain exempt if 
they have a total notional of less than €8bn of OTC derivatives 
or can stay below a negotiated threshold of up to €50m with 
each of their counterparties. 


34 For example, for a threshold amount of 50 and a calculated initial 
margin of 35, no margin is required. However, if the calculated margin is 
65, then an amount of 15 needs to be posted. 


35 BCBS-IOSCO (2013). Basel Committee and IOSCO issue near-final 
proposal on margin requirements for non-centrally-cleared derivatives. 
Press Release (15 February). www.bis.org. 


36 BCBS-IOSCO (2015) states ‘Initial margin requirements for cross-currency 
swaps do not apply to the fixed physically settled FX transactions associ- 
ated with the exchange of principal of cross-currency swaps’. 
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11.4.3 Initial Margin and Haircut 
Calculations 


As noted above, initial margin is intended to cover the potential 
future exposure in an extreme but plausible scenario based on a 
99% confidence interval over a 10-day horizon. Such a scenario 
must use historical data that incorporates a period of signifi- 
cant financial stress. The requirement for the stress period is to 
ensure that a sufficiently large amount of margin is available and 
also to reduce procyclicality (positively correlated to the general 
state of the economy) in the margin over time. 


In general, the above implies that initial margin amounts will be 
portfolio-based and also dynamic (i.e. they will change over time). 
This is in contrast to the historical use of initial margin (indepen- 
dent amount), which is often transaction-based and either deter- 
ministic or driven by simple formulas (e.g. a percentage of notional 
based on the type and remaining maturity of a transaction). 


There are two methods that can be used to calculate the 


required amount of initial margin: 


e a quantitative portfolio margin model, either an entity's own 
or third-party (that must be validated by the relevant supervi- 
sory body); or 


e astandardised margin schedule. 


There can be no cherry-picking by mixing these approaches 
based on which gives the lowest requirement in a given situ- 
ation (although it is presumably possible to choose different 
approaches for different asset classes, as long as there is no 


switching between these approaches).?” 


The standardised initial margin schedule is shown in Table 11.11. 
The quantities shown should be used to calculate gross initial 
margin requirements by multiplying by the notional amount of 
each transaction and summing across all of them. 


Standardised Initial Margin Schedule as 
Defined by BCBS-IOSCO (2015) 
% 
Interest rate 
Credit 
Commodity 


Equity 
Foreign exchange 
Other 


37 The precise wording from BCBS-IOSCO (2015) is ‘Accordingly, the 
choice between model- and schedule-based initial margin calculations 
should be made consistently over time for all transactions within the 
same well-defined asset class.’ 


To account for portfolio effects across transactions, the following 
formula is used: 


Net standardised initial margin = (0.4 + 0.6 x NGR) x 


Gross initial margin (11.4) 


where NGR is defined as the level of the net replacement cost of 
the por-tfolio (i.e. including legally-enforceable netting agreements) 
over the level of gross replacement cost (ignoring netting). NGR 
gives a very simple representation of the future offset between 
positions, the logic being that 60% of the current impact of net- 
ting can be assumed for the potential future exposure. Whilst the 
above schedule-based approach is simplistic, there is still the ques- 
tion of how to treat more complex transactions which do not have 
easily-defined notionals (e.g. variance swaps) or maturity dates (e.g. 
callable or extendable structures). These will generally also have 

to be treated with the most realistic, conservative assumptions. 

The margin schedule will, therefore, likely give fairly conservative 
results and represent portfolio diversification badly. That said, even 
using a portfolio margin model, it is not permissible to benefit from 
potentially low historical correlations between risk factors between 
asset classes. The relevant asset classes — which must be treated on 
an additive basis — are defined as: 


e currency/rates; 

e equity; 

e credit; and 

e commodities. 

Since initial margin calculations need to be agreed across many pairs 
of counterparties, there is clearly a need for a standard approach. 


This has been achieved by the ISDA SIMM (Standard Initial Margin 
Model), which will be described in more detail in Section 9.4.4. 


11.4.4 Eligible Assets and Haircuts 


Regarding the quality of initial margin, the margin should 

be ‘highly liquid’ and, in particular, should hold its value in a 
stressed market (accounting for the haircut). Risk-sensitive hair- 
cuts should be applied, and margin should not be exposed to 
excessive credit, market, or FX risk (including through differ- 
ences between the currency of the collateral asset and the cur- 
rency of settlement). Margin must not be ‘wrong-way’, meaning 
correlated to the default of the counterparty (e.g. a counter- 
party posting its own bonds or equity). 


Examples of satisfactory margin are given as: 

e cash; 

e high-quality government and central bank securities; 
e high-quality corporate/covered bonds; 

e equity in major stock indices; and 


e gold. 
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LEICHEN PFA Standardised Haircut Schedule as Defined by BCBS-IOSCO (2015). Note That the Fx Add-on 
Corresponds to Cases Where the Currency of the Derivative Differs from that of the Margin Asset 


% 

High-quality government and central bank securities 
High-quality corporate/covered bonds 

Equity/gold 

Cash (in the same currency) 


FX add-on for different currencies 


Note that US regulations limit eligible margin for variation mar- 
gin to cash (in USD, another major currency, or the ‘settlement 
currency’), but for financial end users the same assets as permit- 
ted for initial margin are permissible. 


As with initial margin, haircuts can either be based on a quanti- 
tative model or on a standard schedule (Table 11.12). 


Regarding the FX component, no haircut is applied to cash vari- 
ation margin, even where the payment is executed in a different 
currency than the currency of the contract. However, there is an 
8% haircut for non-cash variation margin denominated in a cur- 
rency other than the settlement currency or initial margin (cash 
and non-cash) under similar conditions. 


As in the case of initial margin models, approved risk-sensitive 
quantitative models can be used for establishing haircuts, so 
long as the model for doing this meets regulatory approval. 
BCBS-IOSCO (2015) defines that haircut levels should be risk 
sensitive and reflect the underlying market, liquidity, and credit 
risks that affect the value of eligible margin in both normal and 
stressed market conditions. As with initial margins, haircuts 
should be set in order to mitigate procyclicality and avoid sharp 
and sudden increases in times of stress. The time horizon and 
confidence level for computing haircuts is not defined explicitly, 
but could be argued to be less (say 2-3 days) than the horizon 
for initial margin, since the margin may be liquidated indepen- 
dently and more quickly than the portfolio would be closed out. 


11.4.5 Implementation and Impact 
of the Requirements 


Since the above requirements are phased in and — in the case of 
initial margin — impact only new transactions after both parties fall 
in scope, there is a phasing-in effect. Of course, it is possible for 
parties to agree to cover all transactions, not only those in scope. 
ISDA has published a Variation Margin Protocol to enable market 
participants to put in place documentation on a standardised 
basis with multiple counterparties, reducing the need for bilateral 
negotiations. The protocol allows parties either to amend their 


5+ Years 


4 


existing credit support documents or to enter into new credit 
support documents, in a way which is compliant with the regula- 
tory margin requirements. The protocol allows the following pos- 
sible methods to be used (which will only take effect between two 
adhering parties if they agree to the method): 


e Amend method. Terms in existing CSAs are amended as 
necessary to comply with the regulatory requirements of the 
relevant jurisdictions. Both legacy trades and new trades are 
covered under the amended CSA. 


e Replicate-and-amend. A new CSA is created with the existing 
CSA remaining in place for legacy transactions. The new CSA 
is then amended to comply with the regulatory requirements. 


e New CSA. Parties enter into a new CSA with standard terms 
and certain optional terms that are agreed bilaterally. This 


method is useful for when parties do not have an existing 
CSA in place. 


Many covered counterparties are agreeing on new CSAs that 
incorporate the rules to cover future transactions but that can 
keep old transactions under existing CSAs. New or modified 
CSAs will need to consider the following aspects: 

e thresholds and minimum transfer amounts; 

e margin eligibility; 

e haircuts; 

e calculations, timings, and deliveries; 

e dispute resolution; and 

e initial margin calculations and mechanisms for segregation. 
ISDA (2018) has surveyed the impact of the margin require- 
ments for Phase 1 firms (i.e. those that are impacted by the 
€3trn threshold in Table 11.10).38 They found that a total of 


around $50bn of regulatory initial margin had been posted (and 
received)?” against non-cleared derivatives. They also noted 


38 This survey included 18 out of the 20 Phase 1 firms, with an estimate 


made for the missing two participants. 


3 These numbers were roughly symmetric, as would be expected. 
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OC 


No margin With margin 


Liability = 100 


Derivative liability = 50 


Derivative liability = 50 


11.5.1 Impact on Other Creditors 
OC 


Risk mitigants such as margin are viewed narrowly 
‘ only in terms of their impact on reducing exposure 
to a defaulted counterparty. However, more pre- 
Liability = 100 cisely, what actually happens is a redistribution of 
risk, where some creditors (e.g. derivatives creditors) 


are paid more in a default scenario at the expense 


A ~“ B A <“ 


Assets = 100 
Post margin 


| Figure 11.16 | Example of the impact of derivatives margin on 
other creditors (OC). The margin posted (variation and possibly also 


initial margin) will reduce the claims of the other creditors. 


that these firms had delivered about $16bn and received about 
$61bn of discretionary initial margin as of 31 March 2017.4? 
Most variation margin was posted in cash, whilst government 


securities were the most popular form of initial margin. 


Clearly, the total amount of initial margin posted over time will 
increase as more firms become in scope. In addition to the oper- 
ational and legal hurdles to comply with the regulation, there 
will be a growing need to understand: 


e the methodologies (such as ISDA SIMM) for calculating initial 
margin; 

e the future costs of initial margin via margin value adjustment; 
and 


e the capital relief achievable when receiving initial 
margin. 


11.5 IMPACT OF MARGIN 


Whilst margining is a useful mechanism for reducing counter- 
party risk, it has significant limitations that must be considered. 
It is also important to emphasise that margin, like netting, 
does not reduce risk overall but merely redistributes it. Mar- 
gin also creates other residual risks, such as operational, legal, 
and liquidity risks. Other potential issues include wrong-way 
risk (where margin is adversely correlated to the underlying 
exposure), credit risk (where the margin securities may suffer 
from default or other adverse credit effects), and FX risk (due 
to margin being posted in a different currency). Some of these 
issues are outlined below. The broader issue of the link between 
margin and funding is discussed in Section 11.6. 


40 The fact that a larger amount of discretionary initial was received is 
likely due to some Phase 1 firms requiring some smaller counterparties 
to post initial margin. Once such firms fall in scope, the larger firms will 
also need to post and the numbers will become more symmetric. 


i ee ep = 100 


B of other creditors. Figure 11.16 shows the impact of 
the posting of margin against a derivative transac- 
tion. Assume that in default of party B, party A and 
the other creditors (OC) of B have the same senior- 
ity of the claim (pari passu). Party B owes derivatives 
creditors 50 and other creditors 100, and has assets 
of 100. 


With respect to the amount of margin posted in Figure 11.16, it 
is useful to consider the following three cases: 


e No margin. In the no-margin case, the other creditors will 
have a claim on two-thirds (100 divided by 150) of the assets 
of B, with the derivative claims of A receiving the remain- 
ing one-third. The derivatives and other creditors will both 
recover 67% of their claims. 


e Variation margin. If party B posts 50 variation margin to A 
against their full derivative liability, then this will reduce 
the value received by the OCs in default. Now the remain- 
ing assets of B in default will be only 50, to be paid to the 
other creditors (recovery 50%). OTC derivatives creditors will 
receive 100% of their claim (ignoring close-out costs). 


e Initial margin. Suppose that B pays 50 variation margin and 
25 initial margin and the entire initial margin is used by A in 
the close-out and replacement costs of their transactions with 
B. In such a case, the OCs would receive only the remaining 
25 (recovery 25%). It could be argued that some or all of the 
initial margin may need to be returned, potentially related to 
litigation (see Section 10.3.5), but a significant portion may 
be lost in close-out costs. 


Margin does not reduce risk, it merely redistributes it (although 
possibly in a beneficial way). Other creditors will be more 
exposed, leading to an increase in risk in other markets (e.g. 
loan market as opposed to derivatives market). Furthermore, the 
other creditors will react to their loss of seniority, for example, 
by charging more when lending money. 


11.5.2 Market Risk and Margin Period 
of Risk 


Margin can never completely eradicate counterparty risk, and it 
is important to consider the residual risk that remains under the 
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margin agreement. Residual risk can exist due to contractual param- 
eters such as thresholds and minimum transfer amounts that effec- 
tively delay the margin process. Thresholds and minimum transfer 
amounts can — and are increasingly being — set to zero (or very 
small) values. Frequent contractual margin calls obviously maximise 
the risk-reduction benefit at the expense of increasing operational 
and liquidity costs. Daily adjustment of margins is becoming increas- 
ingly standard in derivatives markets, although longer periods do 
sometimes exist in certain trading situations and products. 


Even if margin is exchanged frequently and with zero thresh- 
olds, another important aspect is the inherent delay in receiv- 
ing this collateral. This is market risk as it is defined by market 
movements after the counterparty last successfully posted 
margin. The MPoR is the term used to refer to the effective 
time between a counterparty ceasing to post margin and the 
time when all the underlying transactions have been successfully 
closed out and replaced (or otherwise hedged), as illustrated in 
Figure 11.17. Such a period is crucial since it defines the effec- 
tive length of time without receiving margin where any increase 
in exposure (including close-out costs) will remain uncollat- 
eralised. Note that the MPoR is a counterparty-risk-specific 
concept (since it is related to default) and is not relevant when 
assessing funding costs. 


In general, for bilateral relationships, it is useful to define the 
MPoR as the combination of two periods: 


e Pre-default. This represents the time prior to the coun- 
terparty being in default and includes the following 
components: 


e Valuation and margin call. This represents the time taken 
to compute the current MTM and market value of margin 
already held, working out if a valid call can be made, and 
making that call. This should include the time delay due to 
the contractual period between calls. 


Last margin 
payment 


altl 
MPoR 


ACARA VA Illustration of the role of the MPoR. 


e Receiving collateral. The delay between a counterparty 
receiving a margin request to the point at which they 
release cash or securities. Clearly, recent developments 
such as electronic messaging are preferable to older- 
style approaches such as fax and email. The possibility of 
a dispute (i.e. if the margin giver does not agree with the 
amount called for) should be incorporated here. 


e Settlement. Margin will not be immediately received as 
there is a settlement period depending on the type of 
asset. Cash margin may settle on an intraday basis, whereas 
other securities will take longer. For example, government 
and corporate bonds may be subject to one- and three-day 


settlement periods respectively in some markets. 


e Grace period. In the event a valid margin call is not followed 
by the receipt of the relevant assets, there may be a relevant 
grace period before the counterparty will be deemed to be 
in default. This is sometimes known as the ‘cure period’. 


e Post-default. This represents the process after the counter- 
party is contractually in default and the surviving party can 
legally initiate a close-out process. 


e Macro-hedging. A party may use macro-hedges to rapidly 
neutralise any key sensitivities of a portfolio with a default- 
ing bilateral counterparty, although there may be an issue in 
claiming losses in the event that these hedges lose money. 


e Close-out of transactions. The contractual termination of 
transactions and representation of the future cash flow as 
a single MTM value. 


e Rehedging and replacement. The replacement or rehedg- 
ing of defaulted transactions. 


This may be done in different ways, such as: 


e One-to-one. A direct replacement of each individual 
transaction with identical economic terms. Although 
potentially expensive, this would be the likely require- 
ment for an end user of derivatives so as not to incur 
any additional market risk and to avoid accounting 
mismatches. 


e Portfolio. This may involve using a smaller number of 
transactions to neutralise the market risk of the port- 
folio in question. This ‘macro hedge’ would be more 
likely to be a strategy adopted by sophisticated market 
participants such as a bank and would be cheaper in 
terms of transaction costs. 


e Liquidation of assets. The liquidation (sale) of margin 


securities.*! 


41 Note that this aspect should be included in the haircuts assigned to 
the margin assets. 
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Note that the MPoR will be much longer than the time 

taken to receive margin in normal cases and normal market 
conditions (which may well be small) because margin performs 
no function (in terms of mitigating counterparty risk, at 

least) in these non-default situations.’ Instead, a party must 
consider a scenario where their counterparty is in default and 
market conditions may be far from normal. Because of this, 
Basel II capital requirements specified that banks should use 
a minimum of 10 business days’ MPoR for OTC derivatives 

in their modelling.’ The Basel Ill regime defines a more 
conservative 20-day minimum or more in certain cases. By 
contrast, CCPs make assumptions regarding the MPoR of 
around five business days. 


The MPoR should also potentially be extended due to initiatives 
such as the ISDA Resolution Stay Protocol that would tempo- 
rarily restrict certain default rights (by 24 or 48 hours) in the 
event of a counterparty default." The 18 major global banks 
have agreed to sign this protocol, which is intended to give 
regulators time to facilitate an orderly resolution in the event 
that a large bank becomes financially distressed. Although it is 
intended to apply primarily to globally-systemically-important 
financial institutions (G-SIFls), in time the protocol may apply to 
other market participants too. 


Note that the MPoR is generally used as a model parameter to 
define the market risk arising from a collateralised exposure. 

It is therefore important not to take the definition too literally. 
For example, consider Figure 11.18, which illustrates a simpli- 
fied version of the dynamics described above for bilateral mar- 
kets, involving a pre- and post-default period. This shows that 
the risk of the portfolio will initially stay fixed and the surviving 
party may, therefore, be exposed to significant market risk. 
However, during the post-default period, the risk will decline as 
the close-out process is implemented. 


Models are generally simpler than even the simple approach 
above and use only a single time step. They also implicitly 
assume that 100% of the risk will be present for the entire 
period assumed, whereas in reality the risk will reduce, as illus- 
trated in Figure 11.18. One could, therefore, argue that the 
MPoR used in a model should be shorter due to the fact that risk 
will reduce during the MPoR. For example, Appendix 11A shows 


42 For example, in such a situation, margin may provide funding benefit. 


43 Assuming daily margin calls. If this is not the case, then the additional 
number of contractual days must be added to the time interval used. 


44 ISDA (2014). ISDA Publishes 2014 Resolution Stay Protocol 
(12 November). www.isda.org. 


Risk 


Pre-default Post-default 


| Figure 11.18 | Schematic illustration of the MPoR in 


bilateral markets. 


that under certain assumptions a 10-day exposure is equivalent 


to a 31-day exposure which decreases linearly through time.*° 


Another point is that the volatility of a portfolio might be 
expected to increase after a counterparty default (depending, of 
course, on the type and size of the counterparty). Models gener- 
ally do not incorporate such effects, and it could therefore be 
argued that they should be proxied by using a longer MPoR. For 
example, an increase in volatility of 20% would imply an MPoR 
almost 50% longer.*® This is discussed in more detail by Pykhtin 
and Sokol (2013). 


Yet another problem for MPoR assessment is the potential for 
cash flow and margin payments happening within the pre- or 
post-default periods and the fact that these are likely to be 
asymmetric (i.e. a defaulting party will likely not pay, but a sur- 
viving party will). Andersen et al. (2017a, 2017b) show that this 
can have a significant impact. 


Given all the above complexities, it is important to view the 
MPoR as a fairly simple estimate of the effective — not actual — 
period for which a surviving party suffers market risk in the 
event of a counterparty default. The MPoR is a rather simple 
‘catch-all’ parameter and should not be compared too liter- 
ally with the actual time it may take to effect a close-out and 
the replacement of transactions. The choice of initial margin 

is closely tied to the assumed MPoR, as is clearly illustrated in 
Figure 11.17. Indeed, initial margin methodologies will typi- 
cally use a time horizon that can be seen to be consistent with 
the MPoR. 


45 The formula used here, which is explained in Appendix 11A and 
Jorion (2007) is 3 x (1 — 5) x (1 — 5 | The value of n is the number of 
days of linearly-decaying exposure, and the result of the formula gives 
the equivalent number of days of constant exposure. 


46 This is a result of the so-called ‘square root of time rule’, which 

is the result of independently-identically-distributed (iid) random 
variables. Hence, an increase of 20% increases the effective time by 
1.22 — 1 = 44%. 
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The MPoR is the primary driver of the need for initial margin. 
Assuming only variation margin is present, the best-case reduc- 
tion of counterparty risk would be expected to be in the region 
of the square root of the ratio of the maturity divided by the 
MPoR.*” This would imply a reduction of V5 X 250/10 = 11 
times for a five-year portfolio.*® In reality, the result is worse 
than this estimate. Hence, the only way to reduce counterparty 
risk to negligible levels is to have additional security in the form 
of initial margin. 


11.5.3 Liquidity, FX, and Wrong-way Risks 


Holding margin creates liquidity risk in the event that margin has 
to be liquidated following the default of a counterparty. In such 

a case, the non-defaulting party faces transaction costs (e.g. bid- 
offer) and market volatility over the liquidation period when sell- 
ing margin securities for cash needed to rehedge their derivatives 
transactions. This risk can be minimised by setting appropriate 
haircuts (Section 11.3.5) to provide a buffer against prices falling 
between the counterparty defaulting and the party being able to 
sell the securities in the market. There is also the risk that by liq- 
uidating an amount of a security that is large compared with the 
volume traded in that security, the price will be driven down and 
a larger loss (potentially well beyond the haircut) will be incurred. 
Finally, there is wrong-way risk in case there is an adverse link- 
age between the default of the counterparty and the value of the 


margin securities (e.g. an entity posts bonds of its own sovereign). 


When agreeing to margin that may be posted, and when receiv- 
ing securities as collateral, important considerations are: 


e What is the total issue size or market capitalisation posted as 
collateral? 


e Is there a link between the margin value and the credit qual- 
ity of the counterparty? Such a link may not be obvious 
and may be predicted by looking at correlations between 
variables.*7 


e How is the relative liquidity of the security in question likely 
to change if the counterparty concerned is in default? 


Because of liquidity impacts, a concentration limit of 5-10% may 
be imposed to prevent severe liquidation risk in the event of a 


counterparty defaulting. 


Margin posted in cash or securities denominated in a currency 
that does not match the currency or currencies of the portfolio 


47 This is also a consequence of the ‘square root of time rule’. 
48 Assuming 250 business days in a year. 


49 In the case of the Long-Term Capital Management (LTCM) default, 
a very large proprietary position on Russian government bonds made 
these securities far from ideal as margin. 


in question will also give rise to FX risk. Even a European bank 
posting cash in euros will give rise to a potentially problematic 
linkage and wrong-way risk. 


Given the above issues, it is not surprising that margin is increas- 
ingly denominated in cash in major currencies or in securities 
with minimal credit, market and liquidity risks. For example, 
ISDA (2017c) reports that, amongst the major financial institu- 
tions, 70.9% of the margin is in cash, 20.7% in government 
securities and 8.3% in other securities.°° For smaller users of 
derivatives, a more bespoke margin arrangement still allows less 
liquid margin to be posted. 


11.5.4 Legal and Operational Risks 


The time-consuming and intensely dynamic nature of collaterali- 
sation means that operational risk is present, due to aspects such 
as missed margin calls, failed deliveries, or human error. Opera- 
tional risk can be especially significant for the largest banks, 
which may have thousands of relatively non-standardised margin 
agreements with clients, requiring posting and receipt of billions 
of dollars of margin on a given day. As noted in Section 11.5.2, 
Basel Ill recognises operational risk in such situations by requir- 
ing a larger MPoR to be used in some cases (e.g. where the 
number of transactions exceeds 5,000, or the portfolio contains 
illiquid margin or exotic transactions that cannot easily be val- 
ued under stressed market conditions). A history of margin call 
disputes also requires a larger MPoR to be used. Larger MPoRs 
lead to higher capital requirements and therefore produce an 


incentive for reducing operational risk. 


Receiving margin also involves some legal risk in case there is a chal- 
lenge to the ability to net margin against the value of a portfolio or 
over the correct valuation of this portfolio. In major bankruptcies 
this can be an important consideration, such as the case between 
Citigroup and Lehman Brothers discussed in Section 10.3.5. 


As already discussed above, rehypothecation and segregation 
are subject to possible legal risks. Holding margin gives rise to 
legal risk in that the non-defaulting party must be confident that 
the margin held is free from legal challenge by the administra- 
tor of their defaulted counterparty. In the case of MF Global 
(see below), segregation was not effective, and customers lost 
money as a result. This raises questions about the enforce- 
ment of segregation, especially in times of stress. Note that the 
extreme actions of senior members of MF Global in using seg- 
regated customer collaterals were caused by a desperation to 
avoid bankruptcy. 


30 This survey covers most of the firms subject to the first phase of 
regulatory margin-posting (Section 4.4.2). The total is 99.9% due to 
rounding error. 
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MF GLOBAL AND SEGREGATION 


The case of MF Global provides a good illustration of the 
potential risks of segregation. MF Global was a major 
derivatives broker that filed for bankruptcy in October 
2011. The aim of segregation is to prevent rehypothecation 
and make margin safe in the event of default of the margin 
receiver (this applies mainly to overcollateralisation in the 
form of initial margin). Unfortunately, it became clear that, 
prior to the bankruptcy, MF Global had illegally transferred 
a total of $1.6bn of segregated customer margin to 

third parties to meet overdrafts and margin calls. As of 
June 2013, 89% of this had been located and returned. 
The violation of segregation laws resulted in private 
lawsuits and a civil lawsuit filed by the U.S. Commodity 
Futures Trading Commission against the former CEO of 
MF Global.*! It is perhaps not surprising that to avoid 
insolvency, extreme and even illegal actions may be 

taken. There is obviously the need to have very clear and 
enforceable rules on margin segregation. 


11.6 MARGIN AND FUNDING 


11.6.1 Overview 


The traditional role of margin for bilateral OTC derivatives has 
been as a counterparty risk mitigant. However, there is another 
role which has become more important in recent years, which is 
a provision of funding. Without receiving margin, an institution 
could be owed money but would not be paid immediately for 
this asset. Since institutions are often engaged in hedging trans- 
actions, this can create funding problems (e.g. a bank not receiv- 
ing margin on a transaction may have to post margin on the 
associated hedge trade, as shown in Figure 11.7). This also shows 
why aspects such as segregation and rehypothecation (which 
define the ability — or not — to reuse margin) are important. 


As margin has relevance in funding as well as counterparty risk 
reduction, one point to bear in mind is that different types of 
margin may offer different counterparty risk and funding ben- 
efits. An important distinction is that margin as a counterparty 
risk mitigant is by definition required only in an actual default 
scenario. On the other hand, margin as a means of funding is 
relevant in all scenarios. The following two cases can be seen as 
extreme examples of this: 


e Counterparty posts wrong-way margin. A counterparty post- 
ing margin such as their own bonds which have significant 
wrong-way risk will act as a poor counterparty risk mitigant, 


a Congressional Research Service (2013). The MF Global Bankruptcy, 
Missing Customer Funds, and Proposals for Reform (1 August). 
WWW.CrS.gOV. 


but will provide funding as long as the margin can be reused 
or rehypothecated. 


e Counterparty posts non-reusable margin. In the event that 
it is not possible to reuse margin securities (e.g. corporate 
bonds that cannot be repoed or posted under other margin 
arrangements), counterparty risk will be mitigated, but a 
funding requirement will persist. 


The Totem xVA consensus service makes use of the above when 
asking participants to price a transaction with a two-way margin 
agreement but where the ‘counterparty posts to a segregated 
account’. Although this is uncommon in practice (especially 
since this is related to variation margin and not initial margin), it 
gives a case where a bank will likely include only funding in the 


price of a transaction without any adjustment for counterparty 
risk.°2 


In recent years, margin eligibility and reuse have gained signifi- 
cant interest as funding costs have been viewed as significant. 
Therefore, the consideration of the type of margin that will be 
posted and received is important since different forms of mar- 
gin have different funding costs and remuneration rates. When 
posting and receiving margin, institutions are becoming increas- 
ingly aware of the need to optimise this process and maximise 
funding efficiencies. Margin management is no longer the work 
of a back-office operations centre, but can be an important 
asset-optimisation tool delivering (and substituting) the most 
cost-effective cash and securities. A party should consider the 
cheapest-to-deliver cash margin and account for the impact of 
haircuts and the ability to rehypothecate non-cash collateral. For 
example, different currencies of cash will pay different OIS rates, 
and non-cash collateral, if rehypothecated, will earn different 
rates on repo. 


11.6.2 Margin and Funding Liquidity Risk 


Another important link between counterparty risk and fund- 
ing is that increasing collateralisation may reduce counterparty 
risk, but it increases funding liquidity risk. Funding liquidity 
risk, in this case, is defined as the potential risk arising from 
the difficulty to raise required funding in the future, espe- 
cially when margin needs to be segregated and/or cannot be 
rehypothecated. Margin agreements clearly create such risk 
as they require contractual margin payments over short tim- 
escales, with the magnitude of these payments typically not 
being deterministic (since it is related to the future value of 
transactions). 


52 Note that Totem does not include capital costs and so this example 
provides a means to isolate the impact of funding in the price. 
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Reduce counterparty risk 
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Increase funding liquidity risk 


GTMCRERE) Illustration of the increasing impact of 


margin on counterparty risk and funding liquidity risk. 


At a high level, the move to more intensive margin regimes can 
be seen as reducing counterparty risk at the expense of increas- 
ing funding liquidity risk (Figure 11.19). This occurs when mov- 
ing from uncollateralised to collateralised trading via a typical 
CSA (two-way variation margin posting). The BCBS-IOSCO bilat- 
eral margin rules increase margin further through requiring initial 
margin, and central clearing takes this even further by adding 
default funds and potentially intraday-posting requirements.°? 


The problem with margin is that it converts counterparty risk 

into funding liquidity risk. This conversion may be beneficial in 
normal, liquid markets where funding costs are low. However, 
in abnormal markets where liquidity is poor, funding costs can 
become significant and may put extreme pressure on a party. 


It is easy to understand how an end user of OTC derivatives 
might have significant funding liquidity risk, since they use deriv- 
atives only for hedging purposes and the need to post margin is 
probably not offset with a similar benefit. Furthermore, due to 
their hedging needs, end users have directional positions (e.g. 
paying the fixed rate in interest rate swaps to hedge floating- 
rate borrowing). This means that a significant move in market 
variables (interest rates, for example) can create substantial MTM 
moves in their OTC derivatives portfolio and large associated 
margin requirements. This is why many end users do not have 
CSAs with their bank counterparties. Additionally, most end 
users (e.g. corporates) do not have substantial cash reserves or 
liquid assets that can be posted as margin (and if they did, then 
they might rather be able to use them to fund potential projects). 
Some end users (e.g. pension funds) have liquid assets such 

as government and corporate bonds but hold limited amounts 
of cash. 


In addition to the case of AIG, there are other examples of the 


problems caused by the need to post margin in derivatives (see 


the Ashanti case below).>4 


°3 CCPs are generally more conservative in their initial margin method- 
ologies. This is not surprising as they do not have to post initial margin 
themselves, although they can be more competitive via lowering such 
requirements. 


54 Unlike the AIG case, this example is not linked to any rating triggers. 


THE ASHANTI CASE 


Ashanti (now part of AngloGold Ashanti Limited) was a 
Ghanaian gold producer. When gold prices rose in Sep- 
tember 1999, Ashanti experienced very large losses of 
$450m on OTC derivatives contracts (gold forward con- 
tracts and options) used to hedge (possibly excessively) 
their exposure to a falling gold price.” The negative value 
of Ashanti’s hedge book meant that its OTC derivatives 
counterparties were due further variation margin pay- 
ments totalling around $280m in cash. Ashanti had a fund- 
ing liquidity problem: it had the physical gold to satisfy 
contracts but not the cash to make the margin payments. 
To solve its liquidity crisis, Ashanti then struck an agree- 
ment that made it exempt from posting margin for just 
over three years.°° 


Some non-financial clients such as institutional investors, large 
corporates and sovereigns do trade under CSAs with banks. 
They may do this to increase the range of counterparties they 
can deal with and achieve lower transaction costs (due to 
reduced xVA charges). In volatile market conditions, such CSA 
terms can cause funding liquidity problems due to significant 
margin requirements. Consider a corporate entering into a col- 
lateralised five-year cross-currency swap to hedge a bond issue 
in another currency. The potential MTM move and therefore 
margin could be as much as 55% of the notional of the swap.°” 
Clients entering into margin agreements need to include an 
assessment of the worst-case margin requirements in their cash 
management and funding plans and understand how they would 


source eligible collateral. 


End users face funding liquidity risks when posting margin since 
it may possibly cause them to default in a case where they 

are solvent but unable to meet the margin demand in eligible 
securities within the timescale required. In turn, their bank coun- 
terparties may carry some of the risk since they may waive the 
receipt of margin to avoid this, with the obvious problem that 

it will be converted back into uncollateralised counterparty risk 
and funding requirements for the banks in question. Funding 
liquidity risk may also mean that a rating agency may have a 


°° ‘Mr. Sam Jonah, Chief Executive of Ashanti, referring to their financial 
problems, stated “| am prepared to concede that we were reckless.We 
took a bet on the price of gold. We thought that it would go down and 
we took a position.”’ From O'Connor, G. (1999). Ashanti left exposed by 
‘exotics’. Financial Times (8 November). www.ft.com. 


56 Hirschler, B. (1999). Ashanti wins three-year gold margin reprieve. 
GhanaWeb (2 November). www.ghanaweb.com. 


57 This assumes a five-year FX move at the 95% confidence level, with 
FX volatility at 15%. 


Chapter 11 Margin (Collateral) and Settlement E 245 


more negative view of a company’s credit quality if they agree 
to post margin (note that monolines could only achieve triple-A 
ratings through not posting margin; Section 2.4.4). 


For banks, funding liquidity issues arise due to the nature of 
trading with clients. Since most banks aim to run mainly flat 
(hedged) OTC derivatives books, funding costs arise from the 
nature of hedging: an uncollateralised transaction being hedged 
via a transaction within a CSA arrangement (Figure 11.5). The 
bank will need to fund the margin posted on the hedge when 
the uncollateralised (client) transaction moves in their favour, and 
will experience a benefit when the reverse happens. Many banks 
will have directional client portfolios, which can lead to large 
margin requirements. This funding problem is one way to explain 
the need for FVA. It also explains why banks are keen for more 
clients to sign CSA agreements to balance the margin flows in 
the situation depicted in Figure 11.5. 


Banks also have a problem with contingent funding require- 
ments arising from the potential need to post more initial 
margin, and also as a result of any margin requirements linked to 
their own credit ratings. Such requirements create a need 

for funding under the LCR. It is, therefore, important to 

consider LCR-related funding costs in the assessment of xVA 
funding-related components such as FVA and margin value 
adjustment (MVA). 


A key decision for market participants and regulators alike is the 
concentration of various trading on the spectrum represented in 
Figure 11.19 and the risks that this presents. 


Whilst pushing to the right minimises counterparty risk, it also 
increases opaque and complex funding liquidity risks. Indeed, 
the reduction of counterparty risk and CVA and KVA has been a 
driver for creating other funding-related xVA terms such as MVA. 
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Future Value and 1 2 


Exposure 


E Learning Objectives 


After completing this reading you should be able to: 


© Describe and calculate the following metrics for credit 


exposure: expected mark-to-market, expected exposure, 
potential future exposure, expected positive exposure and 
negative exposure, effective expected positive exposure, 
and maximum exposure. 


Compare the characterization of credit exposure to VaR 
methods and describe additional considerations used in 
the determination of credit exposure. 


Identify factors that affect the calculation of the credit 
exposure profile and summarize the impact of collateral 


on exposure. 


Identify typical credit exposure profiles for various deriva- 
tive contracts and combination profiles. 


Explain how payment frequencies and exercise dates 
affect the exposure profile of various securities. 


Explain the general impact of aggregation on exposure, 
and the impact of aggregation on exposure when there is 
correlation between transaction values. 


Describe the differences between funding exposure and 
credit exposure. 


Explain the impact of collateralization on exposure and 
assess the risk associated with the remargining period, 
threshold, and minimum transfer amount. 


Assess the impact of collateral on counterparty risk and 
funding, with and without segregation or rehypothecation. 


Excerpt is Chapter 11 of The xVA Challenge: Counterparty Credit Risk, Funding, Collateral, and Capital, Fourth Edition, by Jon Gregory. 


To download the spreadsheets, visit https://cvacentral.com/books/credit-value-adjustment/spreadsheets/ and click link to Chapter 11 
exercises for Fourth Edition 
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The concept of future value is a key 
determinant in xVA because it represents the 
potential value of a transaction or portfolio in 
the future. The utilisation components of all 


Positive value 
Claim on amount 
owed 


Counterparty Close-out and Account for 
xVA terms are related — simply or otherwise — default net transactions margin 
to the future value, and it is therefore a 
common component of all xVA adjustments. U EE 
This chapter will be concerned with defining pay amount owed 
PMS Val eg one a a E CITESEER] Illustration of the impact of a positive or negative contract 


the key characteristics. We will focus initially 
on credit exposure — the core component 
of credit value adjustment (CVA) — including 
the important metrics used for its quantification. Typical credit 
exposure profiles for various products will be discussed, and we 
will explain the impact of netting and margin on credit exposure. 
We also describe the link between future value and funding 

costs, which are driven by similar components but have some 
distinct differences, especially when aspects such as segregation 
are involved. This leads us on to define the economic impact of 
funding, which is similar to the definition of exposure but has some 
distinct differences. The calculation of funding value adjustment 
(FVA) will then be similar to that of CVA. 


12.1 CREDIT EXPOSURE 


12.1.1 Positive and Negative Exposure 


A defining feature of counterparty risk arises from the asym- 
metry of potential losses with respect to the value of the 
underlying transaction(s).' In the event that a counterparty 
has defaulted, a surviving party may close out the relevant 
contract(s) and cease any future contractual payments. Fol- 
lowing this, the surviving party may determine the net amount 
owing between itself and its counterparty and take into 
account any margin that may have been posted or received. 
Note that margin may be held to reduce exposure, but any 
posted margin may have the effect of increasing exposure. 


Once the above steps have been followed, there is a question of 
whether the net amount is positive or negative. The main defin- 
ing characteristic of credit exposure (hereafter referred to just 

as exposure) is related to whether the net value of the contracts 
(including margin) is positive (in a party's favour) or negative 
(against it), as illustrated in Figure 12.1: 


e Negative value. In this case, the party is in debt to its coun- 
terparty and is still legally obliged to settle this amount (it 


cannot walk away from the transaction(s) except in specific 


' The definition of ‘value’ is more clearly defined later. 


value in the event of the default of a counterparty. 


cases (see Section 10.3.3)). Hence, from a valuation per- 
spective, the position appears largely unchanged. A party 
does not generally gain or lose from its counterparty’s 
default in this case. 


e Positive value. When a counterparty defaults, it will be unable 
to undertake future commitments, and a surviving party will 
have a claim on the (positive) value at the time of the default, 
typically as an unsecured creditor. The surviving party will 
then expect to recover some fraction of its claim, just as 
bondholders receive some recovery on the face value of a 
bond. This unknown recovery value is, by convention, not 
included in the definition of exposure. 


The above feature — whereby a party loses if the value is posi- 
tive and does not gain if it is negative — is a defining charac- 
teristic of counterparty risk and CVA. The definition of positive 


exposure is: 


Positive exposure = max(value, 0) (12.1) 


Exposure is therefore directly related to the current and future 
value of a counterparty portfolio, and calculating this future 
value is, therefore, key to determining the exposure. Note that 
the quantification of future value must take into account the rel- 
evant netting across different transactions and also any margin 
that may be held against the exposure. 


A key feature of counterparty risk is that it is bilateral, as both 
parties to a transaction can default and therefore both can 
experience losses. For completeness, we may need to consider 
losses arising from both defaults. From a party’s point of view, 
its own default will cause a loss to any counterparty to whom it 
owes money. This can be defined in terms of negative exposure, 
which by symmetry is: 


Negative exposure = min(value, 0) (12.2) 


2 Sometimes authors may define this simply as ‘exposure’, but we will be 
explicit on ‘positive exposure’ and also define the concept of ‘negative 
exposure’. 
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A negative exposure will lead to a gain, which is relevant since the 
counterparty is making a loss.? This is defined as ‘own counter- 
party risk’, which is represented by debt value adjustment (DVA). 


12.1.2 Definition of Value 


The amount represented by the term value in the above discussion 
is dependent on the value of the individual transactions in ques- 
tion at each potential default time of the counterparty (or the party 
itself). It must also account for the impact of risk mitigants, such as 
netting and margin. However, there is a question of whether this is 
the ‘base value’ or ‘actual value.’ Whilst the base value would be 

a more appealing definition, this is not the one typically defined 

by documentation (Section 10.3.5) and therefore is unlikely to be 
the value agreed with the counterparty (the administrators of their 


default). 


From one perspective, a party would wish for the relevant docu- 
mentation and legal practices to align the actual value - agreed 
bilaterally after the default — to its own unilateral view prior to any 
default. Without this, there would be a jump in the valuation at 
the point at which the counterparty defaults (Figure 10.11). How- 
ever, this actual value does not conform to a definitive, objective 
representation due to the complexity of valuation adjustments 
and close-out effects. Furthermore, the actual value contains 

xVA components, which therefore creates a recursive problem, 
discussed in Section 10.3.5. 


Quantification of exposure and xVA will, therefore, rely on rela- 
tively clean measures or base values which can readily drive 
quantitative calculations. However, it should be remembered 
that documentation will tend to operate slightly differently. For 
example, recall that International Swaps and Derivatives Associa- 
tion (ISDA) documentation (Section 10.3.5) specifically references 
that the ‘close-out amount’ may include information related to 
the creditworthiness of the surviving party. This implies that an 
institution can potentially reduce the amount owed to a default- 
ing counterparty, or increase its claims in accordance with CVA 
charges it experiences in replacing the transaction(s) at the point 
where its counterparty defaults. Such charges may themselves 
arise from the xVA components that depend on exposure in 
their calculation. The result of this is a recursive problem where 
the very definition of current exposure depends on potential 
xVA components in the future. However, note that it is general 
market practice to link exposure quantification to the concept of 
base value, which is relatively easy to define and model, and that 
any errors in doing this are usually relatively small. 


3 This is a symmetric effect where one party's gain must be another's 
loss. There may be reasonable concern with defining a gain in the event 
of an institution’s own default. 


When quantifying exposure and other xVA terms, Equations 12.1 
and 12.2 are fundamental starting points and will typically rely 
on a definition of value which may come from a standard valu- 
ation model. Whilst this theoretical definition of value cannot 
practically include aspects such as the type of documentation 
used, jurisdiction, or market behaviour at the time of default, it 
will be hoped that issues such as these will only constitute small 
uncertainties. 


A final point to note about the above problems in determin- 
ing close-out amounts is the time delay. Until an agreement is 
reached, an institution cannot be sure of the precise amount 
owed or the value of its claim as an unsecured creditor. This 
will create particular problems for managing counterparty risk. 
In a default involving many contracts (such as the number of 
OTC derivatives in the Lehman bankruptcy), the sheer opera- 
tional volumes can make the time taken to agree on such valu- 
ations considerable. This risk may be taken by the xVA desk in 
a bank. 


12.1.3 Current and Potential Future 
Exposure 


A current valuation of all relevant transactions and associated 
margin will lead to a calculation of current value and exposure 
(admittedly with some uncertainty regarding the actual close-out 
amount, as noted in Section 12.1.2). However, it is even more 
important to characterise what the exposure might be at some 
point in the future. This concept is illustrated in Figure 12.2, 
which can be considered to represent any situation from a single 
transaction to a large portfolio with associated netting and 
margin terms. Whilst the current (and past) exposure is known 
with certainty, the future exposure is defined probabilistically by 
what may happen in the future in terms of market movements, 
contractual features of transactions, netting, and margining, all 
of which have elements of uncertainty. Hence, in understanding 
future exposure, one must define the level of the exposure and 
also its underlying uncertainty. 


Quantifying exposure is complex due to the long periods 
involved, the many different market variables that may influence 
the future value, and risk mitigants such as netting and margin. 
This chapter focuses on defining exposure and intuitively 
discussing the impact of aspects such as netting and margin, and 
the related concept of funding. 


12.1.4 Nature of Exposure 


Counterparty risk creates an asymmetric risk profile, as shown by 
Equation 12.1. When a counterparty defaults, a surviving party 
loses if the value (from its point of view) is positive, but does 
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Potential future 
exposure 


Current exposure 


History Today Future 


acligcmesy4 Illustration of potential future exposure. The grey area 
represents positive values and the white area negative values. 


not gain if it is negative. The profile can be likened to a ‘short’ 
option position,4 since from the surviving party's perspective, 
the defaulting counterparty has the option not to pay them. 
Familiarity with basic options-pricing theory would lead to two 
obvious conclusions about the quantification of exposure: 


e since exposure is similar to an option payoff, a key aspect 
will be volatility (of the value of the relevant contracts and 
margin); and 


e options are relatively complex to price (compared with the 
underlying instruments at least), so quantifying exposure, 
even for a simple instrument, may be quite complex. 


By symmetry, an institution has long optionality from its own 
default (this is related to the term ‘DVA’). 


We can extend the option analogy further — for example, by say- 
ing that a portfolio of transactions with the same counterparty will 
have an exposure analogous to a basket option, and that a mar- 
gin agreement will change the strike of the underlying options. 
However, thinking of xVA as one giant exotic options-pricing 
problem is correct but potentially misleading. One reason for this 
is that we cannot even write the payoff of the option, namely the 
exposure, down correctly. Furthermore, xVA contains many other 
subjective components, such as credit and funding curves and 
wrong-way risk (Section 13.6). At the core of exposure calcula- 
tion there is an options-pricing-type problem, but this cannot be 
treated with the accuracy and sophistication normally afforded to 
this topic, due to the sheer complexity of the underlying options 


4 The short option position arises since exposure constitutes a loss. 


and the other components that drive xVA. Treat- 
ing xVA quantification as a purely theoretical 
options-pricing problem tends to underem- 
phasise other important but more qualitative 
aspects. 


There is another way to look at exposure 
quantification. In financial risk management, 
value-at-risk (VAR) methods have, for almost 
two decades, been a popular methodology 
for characterising market risk and have more 
recently been applied to methodologies for 
initial margin. Such approaches aim to char- 
acterise market risk over relatively short hori- 
zons, such as 10 days.” As illustrated in Figure 
12.2, the characterisation of exposure is a sim- 
ilar problem since it involves quantifying the 
market risk of a portfolio. This is indeed true, although we note 
that in quantifying exposure there are additional complexities, 
most notably: 


e Time horizon. Exposure needs to be defined over multiple 
time horizons (often far in the future) so as to understand the 
impact of time and the specifics of the underlying contracts. 
There are two important implications of this: 


e Firstly, the ‘ageing’ of transactions must be considered. 
This refers to understanding a portfolio in terms of all 
future contractual payments and changes such as cash 
flows, termination events, exercise decisions, and margin 
postings. Such effects may also create path dependency, 
where the exposure at one date depends on an event 
defined at a previous date. In VAR models, due to the 
short horizon used (e.g. 10 days), such aspects can often 
be neglected. 


e Secondly, when looking at longer time horizons, the trend 
(also known as the ‘drift’) of market variables (in addition 
to their underlying volatility and dependence structure) 
is relevant (as depicted in Figure 12.2). In VAR-type 
approaches the drift can be ignored, again since the 


relevant time horizon is short. 


e Risk mitigants. Exposure is typically reduced by risk mitigants 
such as netting and margin, and the impact of these mitigants 


> Traditional market risk capital models use a horizon of 10 days, which is 
similar to the bilateral margin requirements. CCP methodologies for initial 
margin typically use an even shorter horizon — for OTC derivatives — of 
five days. Note that the Fundamental Review of the Trading Book (BCBS 
2019b) requires longer time horizons of up to 120 days, depending on 
the underlying asset class. 
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must be considered in order to estimate future exposure 
appropriately. In some cases — such as applying the correct 
netting rules — this requires knowledge of the relevant 
contractual agreements and their legal interpretation in the 
jurisdiction in question. In the case of future margin amounts 
- especially dynamic initial margin (Section 9.3) — another 
degree of subjectivity is created, since there is no certainty 
regarding the type of margin and the precise time that it 
will be received. Other contractual features of transactions — 
such as termination agreements (Section 11.1.1) — may also 
create subjectivity, and all such elements must be modelled, 
introducing another layer of complexity and uncertainty. 


e Application. Traditional approaches for market risk and ini- 
tial margin quantification are risk-management approaches. 
However, exposure must be defined for both risk manage- 
ment and pricing (i.e. xVA). This creates additional complex- 
ity in quantifying exposure and may lead to two completely 
different sets of calculations: one to define exposure for 
risk-management purposes (‘real world’) and one for pricing 
purposes (‘risk neutral’). This is discussed in more detail in 
Section 15.3.3. 


12.1.5 Metrics 


This section defines the measures commonly used to quantify 
exposure. The different metrics introduced will be appropriate 
for different applications and xVA terms. The most common 
definitions will be used; sometimes the nomenclature used for 
the terms defined below can differ — in particular, in regulatory 
definitions (BCBS 2005b) and in previous editions of this book. 
Such differences will be highlighted below. 


Note that the definitions given below are general and can 
apply to any underlying transaction or groups of transactions. 
In practical terms, there will also be the question of the aggre- 
gation level, which is a group of transactions that must be 
considered together. For example, for counterparty risk, the 
obvious aggregation level is all transactions with the counter- 
party in question, or more specifically all that are covered by 
a single legal agreement such as a ‘netting set’. Aggregation 
is discussed in more detail in Section 12.3 and need not be a 
consideration for the definitions below, where we will simply 
use the term ‘portfolio’ to refer to the relevant transactions 


and associated risk mitigants. 


Considering first the definition of exposure metrics for a given 
time horizon, the first definition is expected future value (EFV).° 


© Sometimes referred to as ‘expected mark-to-market’ (EMTM) or 
‘expected exposure’ (EE). 


This component represents the forward or expected value of 
the portfolio at some point in the future. As mentioned above, 
due to the relatively long time horizons involved in measur- 

ing counterparty risk, the expected value can be an important 
component, whereas for traditional market risk quantification 
(involving only short time horizons) it is not. EFV at time zero is, 
by definition, the current value. At other times, EFV represents 
the expected (average) of the future value calculated with some 
probability distribution in mind. EFV may vary significantly from 


current value for a number of reasons: 


e Cash flow differential. Cash flows in some transactions may 
be significantly asymmetric. For example, early in the life- 
time of an interest rate swap, the fixed cash flows will typi- 
cally exceed the floating ones (assuming the underlying 
yield curve is upward sloping, as is most common). Another 
example is a cross-currency swap, where the payments 
may differ by several percent annually due to a differential 
between the associated interest rates. The result of asym- 
metric cash flows is that a party may expect a transaction 
in the future to have a value significantly above (below) the 
current one due to paying out (receiving) cash flows. Note 
that - in a portfolio context — this can also apply to transac- 
tions maturing due to final payments (e.g. cross-currency 
swaps), which has an impact on the future value of the 
remaining portfolio. 


e Forward rates. Forward rates can differ significantly from cur- 
rent spot variables. This difference introduces an implied drift 
(trend) in the future evolution of the underlying variables in 
question (assuming one believes that this is the correct drift 
to use). Drifts in market variables will lead to a higher or lower 
future value for a given portfolio even before the impact of 
volatility. Note that this point is related to the point above 
on cash flow differential, since this is a result of forward rates 
being different from spot rates. 


e Asymmetric margin agreements. If margin agreements are 
asymmetric (such as a one-way margin posting), then the 
future value may be expected to be higher or lower, reflecting 


unfavourable or favourable margin terms, respectively. 


In risk management, it is natural to ask what is the worst expo- 
sure at a certain time in the future. Potential future exposure 
(PFE) (Figure 12.2) will answer this question with reference to a 
certain confidence level. For example, the PFE at a confidence 
level of 99% will define an exposure that would be exceeded 
with a probability of no more than 1% (100 minus the confi- 
dence level). PFE is an equivalent metric to VAR. 


The pricing of some xVA terms requires both expected posi- 
tive exposure (EPE) and expected negative exposure (ENE), 
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GME J Illustration of exposure metrics for a single time 
horizon. PFE is assumed to be calculated at a high confidence level. 


which are the averages of the positive and negative exposures 
defined previously in Equations 12.1 and 12.2. Note that these 
definitions are not the average of only the positive (EPE) or 
negative (ENE) values, but rather the average across all values, 
but where the negative or positive ones are set to zero. So, for 
example, when calculating the EPE, only positive values con- 
tribute to the total, but zero and negative values contribute in 
terms of their probability (this may be best understood in the 
example below). 


The above metrics are summarised below and in Figure 12.3.7 


e Expected future value (EFV). The average across all exposure 
values. Note that this can differ significantly from zero, which 
represents a more significant positive or negative expected 
value. 


e Potential future exposure (PFE). The highest (or lowest) expo- 
sure calculated to some underlying confidence level.® 


e Expected positive exposure (EPE). The average of all of the 
positive exposures (noting that some will be zero). Note that 
this term, like the PFE, is sensitive to the variability of the dis- 
tribution (e.g. the volatility). This term is sometimes known as 
expected exposure (EE). 


e Expected negative exposure (ENE). The average of all of the 
negative exposures (noting that some will be zero). This rep- 
resents the positive exposure from the counterparty’s point 
of view. This term is sometimes known as negative expected 
exposure (NEE). 


7 Note that the normal distribution used to depict the distribution of 
future values does not need to be assumed. 


8 Note that the PFE can be defined at low confidence levels, which 
would show on the left side of the distribution (white area). This repre- 
sents the counterparty point of view. 


SPREADSHEET 12.1 


Simple exposure metric calculation. 


Example 


Suppose the future exposure is defined by only five different 
scenarios, each with an equal probability of occurrence. The 
metrics defined above would then be as in the table below. 
The calculation of the PFE assumes that the confidence level 
is more than 80% (in which case it is the highest exposure 


number). 
exposure Calculation 

Scenario 1 

Scenario 2 

Scenario 3 

Scenario 4 

Scenario 5 = 519) 

EFV (70 + 50 + 30 — 0 — 30)/5 
PFE The highest value (in this case) 
EPE (70 + 50 + 30)/5 

ENE Lea Elo = ae 


Appendix 12A gives formulas for the exposure metrics for a nor- 


mal distribution. 


SPREADSHEET 12.2 


EPE and PFE for a normal distribution. 


252 Financial Risk Manager Exam Part Il: Credit Risk Measurement and Management 


Example 


Suppose future value is defined by a normal distribution with 
mean 2.0 and standard deviation 2.0. As given by the formu- 
las in Appendix 12A, the EFV, PFE, EPE, and ENE (at the 99% 
confidence level) are: 


EFV = 2.0 (by definition) 


PFE (99%) = 6.65 
ERE = 2.17 
ENE = 0.17 


EFV = 2.0 

PFE (99%) = 121 
EPE = 178 
ENE =0.79 


Note the aforementioned sensitivity of the EPE, ENE, and PFE 
to the standard deviation. The ENE increases by almost five 
times when the standard deviation is doubled. Using the options 
pricing analogy, this is because it represents an out-of-the- 
money position. 


A final metric will approximate exposure over time. Average 
EPE is defined as the average exposure across all time horizons. 
It can, therefore, be represented as the weighted average of the 
EPE across time, as illustrated in Figure 12.4. If the EPE points 
are equally spaced (as in this example), then it is simply the aver- 
age. Note that the average EPE is sometimes known simply as 
EPE, which can cause confusion with the definition of EPE used 


PFE 


aaa a ek es era ee aes Maximum PFE 


Time 


GTSEPZ] Illustration of average EPE, which is 


the weighted average (the weights being the time 
intervals) of the EPE profile. 


here. As noted above, the most common definitions are being 
used, and the Basel definitions do differ. 


This single average EPE number is often called a ‘loan equiva- 
lent’, as the average amount effectively lent to the counterparty 
in question. It is probably obvious that expressing a highly- 
uncertain exposure by a single EPE or loan-equivalent amount 
can represent a fairly crude approximation, as it averages out 
both the randomness of market variables and the impact of 
time. However, it will be shown later that EPE has a strong theo- 
retical basis for assessing regulatory capital and quantifying xVA 
(Section 13.2.3). 


12.2 DRIVERS OF EXPOSURE 


We now give some examples of the significant factors that 
drive exposure, illustrating some important effects, such as 
maturity, payment frequencies, option exercise, roll-off, and 
default. The aim here is to describe some key features that must 
be captured. In the examples below, exposure is shown as a 
percentage (i.e. assuming a unit notional of the transaction in 
question). In most cases, the initial value will be assumed to be 
zero, but the impact of a positive or negative current value will 
also be shown. Unless stated, the profile shown is the EPE; in 
most cases, the PFE will have the same behaviour but simply be 
a larger value. The current time will be represented by t and the 
maturity of the transaction by T. 


Although not generally characterised as counterparty risk, the 
exposures of debt instruments such as loans and bonds can 
usually be considered almost deterministic and approximately 
equal to the notional value. Bonds typically pay a fixed rate and 
therefore will have some additional uncertainty, since, if inter- 
est rates decline, the exposure may increase and vice versa. In 
the case of loans, they are typically floating-rate instruments, 
but the exposure may decline over time due to the possibility of 
pre-payments. 


In contrast to the above, products such as derivatives can have 
complex exposures due to their inherent complexities and the 
complex impact of risk mitigants such as margin. 


12.2.1 Future Uncertainty 


The first and most obvious driving factor in exposure is future 
uncertainty. Some derivatives — such as forward contracts — are 
usually characterised by having just the exchange of two cash 
flows or underlyings (potentially netted into a single payment) 
at a single date in the future (the maturity date of the contract). 
This means that the exposure is a rather simple, monotonically 
increasing function, reflecting the fact that, as time passes, there 
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access Illustration of a square-root-of-time exposure profile. 
This example assumes volatility of 15% and the calculation of EPE 


under normal distribution assumptions. 


is growing uncertainty about the value of the final cash flow(s). 
Based on fairly common assumptions,’ the exposure of such a 

profile will follow a ‘square-root-of-time’ rule, meaning that the 
exposure will be proportional to the square root of the time (t): 


Exposure x Vt (t = T) (12.3) 


This is described in more mathematical detail in Appendix 11B, 
and such a profile, which is roughly illustrative of a foreign 
exchange (FX) forward, is illustrated in Figure 12.5. We can see 
from the above formula that the maturity of the contract does 
not influence the exposure (except for the obvious reason that 
there is zero exposure after this date). For similar reasons, much 
the same shape is seen for vanilla options with an upfront pre- 
mium, although more exotic options may have more complex 
profiles (see Section 12.2.6). 


12.2.2 Cash Flow Frequency 


Many OTC derivatives include the periodic payment of cash 
flows, which has the impact of reversing the effect of future 
uncertainty. The most obvious and common example here is an 
interest rate swap, which is characterised by a peaked shape, 
as shown in Figure 12.6. The shape arises from the balance 
between future uncertainties regarding payments, combined 
with the roll-off of fixed against floating payments over time. 
This can be represented approximately as: 


Exposure « (T — t) Vt(ts T (12.4) 


? Specifically, that the returns of the underlying market variable (e.g. FX) 
are independently identically distributed (iid). 


where T represents the maturity of the transaction 
in question. This is described in more mathemati- 
cal detail in Appendix 12B. The function shown 

in Equation 12.4 initially increases due to the Vt 
term, but then decreases to zero as a result of 
the (T — t) component, which is an approximate 
representation of the remaining maturity of the 
transaction at a future time t. It can be shown that 
the maximum of the above function occurs at 4 
(see Appendix 12B) - i.e. the maximum exposure 
occurs at a date equal to one-third of the maturity. 


40 As seen in Figure 12.6, a swap with a longer matu- 
rity has much more risk, due to both the increased 
lifetime and the greater number of payments due 
to be exchanged. An illustration of the swap cash 
flows (assuming equal semiannual payment fre- 


quencies) is shown in Figure 12.7. 


An exposure profile can be substantially altered due to the 
more specific nature of the cash flows in a transaction. Transac- 
tions such as basis swaps, where the payments are made more 
frequently than they are received (or vice versa), will then have 
more (less) risk than the equivalent equal payment swap. This 
effect is illustrated in Figure 12.8 and Figure 12.9. 


12.2.3 Curve Shape 


Another impact the cash flows have on exposure is to create 
an asymmetry between opposite transactions. In the case of an 
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GASEA Illustration of the exposure of swaps of 
different maturities. This example assumes volatility of 


1% and the calculation of EPE under normal distribution 
assumptions,which is roughly illustrative of interest 
rate swaps. 1° 


10 We will see below that the shape of the yield curve can have an 
important impact and, in a more sophisticated calculation, that mean 
reversion of interest rates is important. 
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Illustration of the cash flows of swap 
transactions of different maturities (semiannual payment 
frequencies are assumed). Solid lines represent fixed 
payments and dotted lines floating payments. 
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latelic-merae:§ Illustration of the exposure for swaps with equal and unequal 
payment frequencies. The latter corresponds to a swap where cash flows are 


received quarterly but paid only semiannually. 


interest rate swap, this occurs because of the different cash flows 
being exchanged. In a ‘payer swap’, fixed cash flows are paid peri- 
odically at a deterministic amount (the ‘swap rate’), whilst floating 
cash flows are received. The value of future floating cash flows is 
not known until the fixing date, although, at inception, their (risk- 
neutral) discounted expected value will typically be equal to that of 
the fixed cash flows (‘par swap’). The value of the projected floating 


cash flows depends on the shape of the underlying yield curve." 


11 By ‘projected’ we mean the risk-neutral expected value of each cash 
flow. 


<q----- 


In the case of a typical upwards-sloping yield curve, the 
initial floating cash flows will be expected to be smaller 
than the fixed rate paid, whilst later in the swap the trend is 
expected to reverse. This is illustrated schematically in 
Figure 12.10. 


The net result of this effect is that the EPE of the receiver 
swap is lower due to the expectation of receiving positive 
net cash flows (the fixed rate against the lower floating 
rate) in the first periods of the swap, and of paying net 
cash flows later in the lifetime (Figure 12.11). The ENE 

is correspondingly more negative. Another way to state 
this is that the EFV of the swap is negative (by an amount 
| defined by the expected net cash flows). For the opposite 
| ‘payer swap’, this effect would be reversed, with the EPE 
Y being higher, the ENE less negative, and the sign of the 
EFV reversed. 


The above effect can be explained in three different ways, 
all of which are related: 


e the cash flow differential, as dis- 
cussed above; 


e the fact that the yield curve is (usu- 
ally) upwards sloping, suggesting 
a market-implied view that interest 
rates will rise; and 


e the fact that the forward swap rates 
will be higher than the current swap 
rate (and therefore a forward start- 
ing swap receiving the swap rate will 
have a negative value). 


The above effect can be even more 


dramatic in cross-currency swaps, where 
a high-interest-rate currency is paid 
against one with lower interest rates, as 
illustrated in Figure 12.12. The overall 
high interest rates paid are expected 

to be offset by the gain on the notional 


exchange at the maturity of the contract,'* and this expected gain 
on the exchange of notional leads to significant exposure for the 
payer of the high interest rate. In the reverse swap, when paying 
the currency with the lower interest rates, it is increasingly likely 
that the future value of the swap will be negative. This creates a 
negative drift, making the exposure much lower. 


The impact of cash flow differential or - equivalently — drift is 
particularly important in xVA calculations, as will be seen later. 


12 From a risk-neutral point of view. 
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value of the floating and fixed cash flows may be equal, the projected floating cash flows 
are expected to be smaller at the beginning and larger at the end of the swap. 
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| Figure 12.11 | Illustration of the EFV, EPE, and ENE for a receiver interest rate swap. 


256 Financial Risk Manager Exam Part Il: Credit Risk Measurement and Management 


= BPE < = ENE EFV 
30% o 
25% 
20% 
15% 
4 
= 10% 
$ s% 
w 
0% i i 
0“ 2 4 6 8 10 
-5% a a 
-10% ana E 
p —({}--_______————— 
Time (years) 
Getic PS) Illustration of the EFV, EPE, and ENE for a cross-currency swap 
where the payment currency has a higher interest rate. 
== EPE — ENE EFV 
8% 
7% 
6% 
5% 
: 4% 
n 3% 
a& 2% 
= 
W 1% 
0% +— 
-1% 0 2 4 6 - 8 10 
-2% 7 — 
Se 
Time (years) 
Getic PSE) Illustration of the EFV, EPE, and ENE for an ITM receiver interest 
rate swap. 


12.2.4 Moneyness 


The previous examples have all shown par transactions where the 
initial value is zero. However, another consideration is ‘moneyness’, 
where a transaction could be in-the-money (ITM) (positive value) or 
out-of-the-money (OTM) (negative value). Figure 12.13 shows the 
exposure profiles for an ITM interest rate swap. Not surprisingly, the 
ENE is small due to the smaller likelihood of the future value being 
negative. The EPE is large and quite close to the EFV and therefore 
is more predictable in its form. This is analogous to an ITM option 
being more deterministic and having lower sensitivity to volatility. 


12.2.5 Combination of Profiles 


Some products have an exposure that is driven by a combina- 
tion of two or more underlying risk factors. An obvious example 


seen in practice, which increases the cross-currency exposure). 


is a cross-currency swap, which is essentially a combination of an 
interest rate swap and a FX forward transaction. 1° This would, 
therefore, be represented by a combination of the profiles 
shown in Figure 12.5 and Figure 12.6, and is described in more 
mathematical detail in Appendix 12C. Figure 12.14 illustrates the 
combination of two such profiles. Cross-currency swap exposures 
can be considerable due to the high FX volatility driving the risk, 
coupled with the long maturities and final exchanges of notional. 
The contribution of the interest rate swap is typically smaller, as 
shown. We also note that the correlation between the two inter- 
est rates and the FX rate is an important driver of the exposure 


(in Figure 12.14 a relatively low correlation is assumed, as often 
14 


'3 Due to the interest rate payments coupled with an exchange of 
notional in the two currencies at the end of the transaction. 


14 The impact of correlation can be seen in Spreadsheet 12.3. 
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| Figure 12.14 Illustration of the EPE of a cross-currency swap 
(CCS) profile as a combination of an interest rate swap (IRS) and 


FX forward. 
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CSEH Illustration of the exposure for cross-currency swaps 


of different maturities. 


SPREADSHEET 12.3 


Simple example of a cross-currency swap 
profile 


Figure 12.15 illustrates the exposure for cross-currency swaps of dif- 
ferent maturities. The longer-maturity swaps have slightly more risk 
due to the greater number of interest rate payments on the swap. 


12.2.6 Optionality 


Although some options have relatively straightforward expo- 
sures (Section 12.2.1), the impact of exercise decisions can 

create some complexities in exposure profiles, since after the 
exercise date(s) the underlying transaction will have a certain 


probability of being ‘alive’ or not. This is particularly important 
in the case of physical settlement. As an example, Figure 12.16 
shows the exposure for a European-style interest rate swaption 
that is physically settled — rather than cash settled'> compared 
with the equivalent forward starting swap (as can be seen, the 
underlying swap has different payment frequencies). Before the 
exercise point, the swaption must always have a greater expo- 
sure than the forward starting swap, '° but thereafter this trend 
will reverse, since there will be scenarios where the forward 


'S The cash-settled swaption has an identical exposure until the exercise 
date and then zero exposure thereafter. Physically-settled swaptions 

are standard in some interest rate markets. Depending on the currency, 
either cash or physical settlement may be most common. 


16 The option to enter into a contract cannot be worth less than the 
equivalent obligation to enter into the same contract. 
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—*— Fwd swap 


= Swaption 


a Exercise boundary 


value, exposure, and exercise decision would 
become linked. Another way of stating this is 


o - 
E that, in exercising the option, one should natu- 
an rally incorporate future xVA adjustments. This, 
5% therefore, leads to a recursive problem for the 

o calculation of xVA for products with exercise 

a ane boundaries, '’ which is similar to the recursive 
x 3% problem discussed in Section 12.1.2. 
2% 
| 12.2.7 Credit Derivatives 
1% 
Credit derivatives represent a challenge for expo- 
oie 0 , 2 3 4 ry sure assessment due to wrong-way risk, which will 
Time (years) be discussed in Section 13.6. Even without this as a 
consideration, exposure profiles of credit derivatives 
| Figure 12.16) Exposure (PFE) for a swap-settled (physically-settled) are hard to characterise due to the discrete payoffs 


interest rate swaption and the equivalent forward swap. The option 


maturity is one year and the swap maturity five years. 


starting swap has a positive value but the swaption would not 
have been exercised. This effect is illustrated in Figure 12.17, 
which shows a scenario that would give rise to exposure in the 
forward swap but not the swaption. 


The above example is based on the base value of the underly- 
ing swap. This means that the valuation paths illustrated in 
Figure 12.17 will be the same for both cash- and physically- 
settled swaps and the exposure can be calculated directly from 
the future values of the swaption. To use the ‘actual value’ in 
the calculation would be more complicated, since the future 
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Steltie-mPpaaweA Illustration of exercise of a 


physically-settled European swaption showing two 
potential scenarios of future value for the underlying 
swap. Scenario B corresponds to a scenario where the 
swaption would be exercised, giving rise to exposure 
at a future date. In scenario A, the swaption would not 
have been exercised, and hence the exposure would 
be zero. The exercise boundary is assumed to be the 
x-axis (in reality it would not be constant). 


of the instruments. Consider the exposure profile of 
a single-name credit default swap (CDS), as shown 
in Figure 12.18 (long CDS protection), for which the EPE and PFE 
are shown. Whilst the EPE shows a typical swap-like profile, the 
PFE has a jump due to the default of the reference entity. This is 

a rather confusing effect (see also Hille et al. 2005), as it means 
that the PFE may or may not represent the actual credit event 
occurring and is sensitive to the confidence level used.'® Using a 


— EPE PFE 


Exposure 


Time (years) 


Grice REY EPE and 99% PFE for a long-protection 
single-name CDS transaction. A PFE of 60% arises from 


default with an assumed recovery rate of 40% when 
the probability of default of the counterparty is greater 
than one minus the confidence level (i.e. 1%). 


17 It also implies that where multiple exercise decisions should be taken 
at a given time, all possible combinations should be considered. 


18 We comment that the above impact could be argued to be partly 
a facet of common modelling assumptions, which assume default as a 
sudden unanticipated jump event with a known recovery value (40%). 
Using more realistic modelling of default and an unknown recovery 
value gives behaviour that is more continuous. 
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measure such as expected shortfall partially solves this 
problem. 1? This effect will also not be apparent for CDS 
indices due to a large number of reference credits where 
single defaults have a less significant impact. 


SPREADSHEET 12.4 


Simple calculation of the exposure of 
a CDS. 


Transaction 1 


Transaction 2 í i 


12.3 AGGREGATION, PORTFOLIO 
EFFECTS, AND THE IMPACT OF 
COLLATERALISATION 


The aggregation of transactions across a particular 
portfolio has an important impact on exposure. One 
example of aggregation is close-out netting 

(Section 10.3.2), which effectively allows the future 
values of different transactions to offset one another 
thanks to a contractual agreement. This requires 
that all transactions under a given netting agreement with a 
counterparty be added together for the purposes of deter- 
mining exposure.?? Netting set aggregation is important for 
counterparty-specific quantities such as CVA. 


There are also other levels at which aggregation may need to be 
done which relate to aspects such as funding and capital and the 
corresponding metrics (e.g. FVA and KVA). The discussion below 
will be generic and consider only the general impact of aggregation 
on exposure. There are several different aspects to contemplate 
before understanding the full netting impact on overall exposure. 


12.3.1 The Impact of Aggregation 
on Exposure 


Figure 12.19 illustrates the general impact of aggregation. Since 
the exposure profiles are partly offsetting — meaning that one 

is positive whilst the other is negative — when aggregated, they 
produce a reducing effect. This means that the exposure (posi- 
tive or negative) of the aggregated profile is smaller than the 
sum of the exposures of each transaction (indeed, the negative 
exposure is zero since, when aggregated, there is no negative 
contribution). It is this reduction which is the rationale for risk 
mitigants such as close-out netting. 


'9 Expected shortfall is recommended by the Fundamental Review of the 
Trading Book (BCBS 2019a) instead of VAR which, as a quantile measure, 
can create problems such as this. Note that EPE is similar to expected short- 
fall and therefore does not suffer from the same problem as the PFE shown. 


20 Noting that there may be more than one netting agreement with a 
given counterparty. 
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Illustration of the impact of aggregation on 


SPREADSHEET 12.5 


Simple two-transaction example of netting 
effects 


Table 12.1 illustrates the impact of aggregation on exposure using 
a simple example with five scenarios and a single point in time. 
Note firstly that the EFV is additive across the two transactions,” 
which should be expected since it is simply the average of the 
values. The EPE and ENE, on the other hand, are not additive, 
which is a consequence of their definitions including only positive 


1 


Illustration of the Impact of Aggregation 
When There Is Positive Correlation Between Values. 
The Exposure Metrics Are Shown, Assuming Each 
Scenario Has Equal Weight 


Aggregated 
Scenario 1 65 
Scenario 2 35 
Scenario 4 =25 
Scenario 5 oe 
EFV 5 
a 10:5 = 5, 
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or negative values (Section 12.1.1): the aggregated EPE or ENE is 
always less (in absolute terms) than the sum of the individual com- 
ponents.?? This is a general result that the aggregated EPE or ENE 
cannot be larger (in absolute terms) than the sum of the individual 


components.7° 


Aggregation can be seen to produce a diversification effect. 
When considering the aggregation benefit of two or more trans- 
actions, the most obvious consideration is, therefore, the corre- 
lation between their future values (and therefore their exposures 
also). A high positive correlation between two transactions 
means that future values are likely to be of the same sign. This 
means that the aggregation benefit will be small or even zero, 
as is the case in Table 12.1, where the diversification effect is 
small. Aggregation only produces a reduction in exposure in 
scenarios where the values of the transactions have opposite 
signs, which occurs only in scenario 3. The aggregated EPE and 
ENE — compared to the sum of the individual values — are only 
reduced by a small amount.”4 


On the other hand, negative correlations are clearly more bene- 
ficial as values are much more likely to have opposite signs, and 
hence the aggregation benefit will be stronger; this is illustrated 
in Table 12.2. 


Illustration of the Impact of Aggregation 
When There Is a Negative Correlation Between Values. 
The Exposure Metrics Are Shown, Assuming Each 
Scenario Has Equal Weight 


— resets 


Scenario 1 25 


Scenario 2 —2 s Sits) 15 


22 The EPEs of the transactions are 18 and 4 respectively, whereas the 
aggregated EPE is 21. The ENEs of the transactions are —8 and —9 
respectively, whereas the aggregated ENE is —16. 


23 This follows mathematically from the fact that max (Z,value;, 0) = 
> )max(value;, 0). 


24 Note that the correlation of values (columns two and three in Table 12.1) 
is 100%, but the correlation of the exposures (only the positive or negative 
parts of these values) is less than 100%, which explains the small aggrega- 
tion benefit. In practical terms, this effect could correspond to otherwise 
identical transactions which have different current values due to having a 
different reference rate. This is also discussed in Section 12.3.2. 


Appendix 12D gives a simple formula for the impact of aggrega- 
tion on the exposure of a portfolio. It shows that the exposure 
reduction increases with the size of the portfolio and as the 
correlation between individual transactions reduces. 


12.3.2 Off-Market Portfolios 


Offsetting effects in the aggregation are not always driven by 
the structural correlation between the future values of different 
transactions, but also by relative moneyness — for example, the 
extent to which the current value of a portfolio is significantly 
positive (ITM) or negative (OTM). 


Figure 12.20 illustrates the impact of an OTM portfolio on the 
exposure of a new transaction. The OTM (negative value) port- 
folio is unlikely to have positive exposure unless the value of the 
transactions moves significantly. This, therefore, damps the posi- 
tive exposure contribution of a new transaction in aggregate.7° 


An ITM portfolio can also produce a beneficial aggregation effect 
on positive exposure, as shown in Figure 12.21. The negative 
value of a new transaction will have an impact on offsetting the 
positive exposure of the ITM portfolio. Put another way, the ENE 
of a new transaction is offset by the ENE of the portfolio. 


The above effects are important since they show that even 
directional portfolios can have significant aggregation effects. 
They will help us to understand the behaviour of xVA at a port- 
folio level in later examples. 


12.3.3 Impact of Margin 


In general, margin has the effect of reducing exposure, and it can, 
therefore, simply be subtracted from the value of the portfolio to 
determine the positive and negative exposures. Equations 12.1 
and 12.2 therefore become: 


(12.5) 
(12.6) 


Positive exposure = max(value — margin, 0) 
Negative exposure = min(value — margin, 0) 


Margin that is received is positive in the above equations and 
will, therefore, reduce positive exposure and increase negative 
exposure. Posted margin will do the opposite. This is in line 
with the fact that receiving margin mitigates counterparty risk, 
but posting margin may create counterparty risk (to the extent 
that it is not offset by the value). Concepts such as segregation 
(Section 12.4.3) will complicate the above description. 


A simple example is given in Table 12.3, loosely assuming two- 
way collateralisation without initial margin. In scenarios 1-3, the 
positive exposure is significantly reduced since margin is held. 


25 As noted in footnote 24, this can be thought of as the exposures 
being less correlated than the futures values. 
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| Figure 12.20 | Schematic illustration of the impact of a negative future value on 
netting. 


Impact of positive 
future value 


Today Future 


GTA Schematic illustration of the impact of a positive future value on 
netting. 


ie) GKF ÆJ Illustration of the Impact of Margin on Exposure. The Exposure Metrics 
Are Shown, Assuming Each Scenario Has Equal Weight. 


Value (No Margin) Value (With Margin) 


Scenario 1 5 
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The exposure is not perfectly collateralised, which may be the 
case in practice due to factors such as a rapid increase in value, 
or contractual aspects such as thresholds and minimum transfer 
amounts (Section 11.3.4). In scenario 4, the value of the portfolio 
is negative, and margin must, therefore, be posted, but this does 
not increase the positive exposure (again, in practice, due to 


aspects such as thresholds and minimum transfer amounts). Finally, 


in scenario 5, the posting of margin creates positive exposure.”° 


In comparison with the benefits shown in the other scenarios, this 
is not a particularly significant effect, but it is important to note 
that margin can potentially increase as well as reduce exposure. 
Overall, both the EPE and ENE are reduced due to the two-way 
collateralisation. 


Margin typically reduces exposure, but there are many (some- 
times subtle) points that must be considered in order to assess 
the true extent of any risk reduction. To correctly account for 
the real impact of margin, parameters such as thresholds and 
minimum transfer amounts must be properly understood and 
represented appropriately. Furthermore, the margin period of 
risk (MPoR) must be carefully analysed to determine the true 
period of risk with respect to margin transfer. Quantifying the 
extent of the risk-mitigation benefit of margin is not trivial and 
requires many, sometimes subjective, assumptions. 


To the extent that collateralisation is not a perfect form of risk 
mitigation, there are three considerations, which are illustrated 
in Figure 12.22: 


e Firstly, there is a granularity effect, because it is not always 
possible to ask for all of the margin required due to param- 
eters such as thresholds and minimum transfer amounts. This 
can sometimes lead to a beneficial overcollateralisation (as 


seen in Figure 12.22), where the margin amount is (for a short 


time) greater than the exposure. Note that 
the analysis of exposure should consider the 
impact of posted, not just received, margin. 


e Secondly, there is a delay in receiving margin, 
which involves many aspects such as the opera- 
tional components of requesting and receiving 
margin or the possibility of margin disputes. 
These aspects are included in the assessment 
of the MPoR (Section 11.2.3). 


Exposure 


e Thirdly, we must consider a potential varia- 
tion in the value of the margin itself (if it is not 
cash in the currency in which the exposure is 


assessed). 


?* In practice, this can happen when previously-posted 


Exposure — Volatility of 


margin 
fn 


Margin 


Exposure 


Time 


| Figure 12.22. Illustration of the impact of margin on 


(positive) exposure, showing the delay in receiving margin 
and the granularity of receiving and posting margin 
amounts discontinuously. Also shown is the impact of the 
volatility of margin itself (for ease of illustration, this is 
shown in the last period only). 


We also emphasise that the treatment of margin is path depen- 
dent, since the amount of margin required at a given time depends 
on the amount of margin called (or posted) in the past. This is espe- 
cially important in the case of two-way margin agreements. 


Figure 12.23 shows the qualitative impact of collateral on 
exposure for three broadly defined cases: 


e Partially collateralised. Here, the presence of contractual 
aspects such as thresholds means that the reduction of 
exposure is imperfect. A threshold can be seen as approxi- 
mately capping the exposure. 


e Strongly collateralised. In this case, it is assumed that param- 
eters such as thresholds are zero, and therefore the exposure 
is reduced significantly. We assume there is no initial margin 


and the MPoR leads to a reasonably material exposure. 


oo Uncollateralised Partially collateralised 


» Collateralised ===> Overcollateralised 


1 2 3 4 5 
Time (years) 


| Figure 12.23 | Illustration of the EPE of an interest rate swap with 


margin has not yet been returned as required. different levels of collateralisation. 
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e Overcollateralised. In this case, we assume there is initial mar- 
gin, and therefore the exposure is reduced further compared 
to the strongly collateralised case (and potentially to zero if 
the initial margin is large enough). 


12.4 FUNDING, REHYPOTHECATION, 
AND SEGREGATION 


12.4.1 Funding Costs and Benefits 


Over recent years, a market consensus has emerged that uncol- 
lateralised exposures that give rise to counterparty risk and CVA 
also need to be funded and therefore give rise to additional 
costs. Such funding costs are generally recognised via funding 
value adjustment (FVA). It is, therefore, appropriate to discuss 
exposure from the point of view of funding. 


A basic explanation of funding costs is as follows. A positive 
value represents an asset that needs to be funded, whilst a 
negative value represents a funding benefit. To some extent, 
funding costs and benefits cancel out since it is only necessary 
to consider them at a portfolio level (e.g. it is not necessary to 
fund transactions individually). 


Note that not all assets give rise to funding costs. For example, 
it is possible to repo many bonds with good liquidity and low 
credit risk (e.g. treasuries). The receipt of cash from the repo 
transaction to a large extent offsets the funding cost of buying 
the bond. On the other hand, assets — such as derivatives — that 
cannot be ‘repoed’ in this way may be considered to have a 
funding cost. 


Similar to the repo example above, if margin is received against 
an asset, then it may mitigate the funding cost, as long as it is 
reusable. Accordingly, margin that needs to be posted against a 
liability will likely negate any funding benefit. Hence, it is gener- 
ally the portfolio value less the margin posted or received that 
determines the funding position. Loosely, the funding position is 


defined as: 
funding = value—margin (12.7) 
Positive value 
Funding cost 
Aggregate Account for reusable Pl 


valuation of ==> margin held against 
portfolio the portfolio 


Negative value 
Funding benefit 


igfelic-mepares illustration of the impact of a positive 
or negative value and margin on funding. 


There is a funding cost when the above term is positive, and 
a funding benefit when the term is negative. Posted margin 
will be negative and so create a positive funding cost, whilst 
received margin will be positive and represent a benefit. 


12.4.2 Differences Between Funding and 
Credit Exposure 


The concept of funding costs and benefits can, therefore, be 
seen to have clear parallels with the definitions of positive and 
negative exposure given earlier (compare Figure 12.24 with 
Figure 12.1). A positive exposure is at risk when a counterparty 
defaults, but is also the amount that has to be funded when 
the counterparty does not. A negative exposure is associated 
with own default and is also a funding benefit (we will see later 
that these two components are generally thought to over- 

lap). Accordingly, any margin held against a positive exposure 
reduces both counterparty risk and the associated funding cost. 
Margin posted against a negative exposure reduces own coun- 
terparty risk and the funding benefit. 


However, whilst positive and negative exposures defined for 
counterparty risk (CVA and DVA) purposes have clear parallels 
with funding positions, there are some distinct differences that 
must be considered: 


e Definition of value. The definition of value in the equations 
defining positive and negative exposure depends on 
close-out assumptions, since they only arise in default 
scenarios. Such valuations are subjective and need to be 
agreed between both the defaulting and surviving parties, 
based on the documentation and possibly subject to legal 
challenge (Section 10.3.5). With respect to funding, this can 
be considered to be an objective measure made by the party 
in question, since funding arises in non-default scenarios. 
However, the potential recursive problem (Section 10.3.4) with 
respect to the definition of value and the calculation of xVA 
(FVA in this case) does still exist. 


e MPoR. The MPoR is a concept that is defined assuming 
the default of the counterparty and is relevant for credit 
exposure. In assessing the equivalent funding delay in 
receiving margin against a derivatives portfolio, a more 
normal (i.e. not contingent on counterparty default) margin 
posting frequency (which is likely much shorter) should be 
assumed. This is one reason why the FVA of a collateralised 
derivative may be considered to be zero, even though the 
equivalent CVA is not. 


e Aggregation. Close-out netting is a concept that applies in a 
default scenario and hence credit exposure is defined at the 
netting set level (which may correspond to or be a subset of 
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1F):)(-Pe-3 Impact of Margin Type on Counterparty Risk and Funding. In this Context, WWR Refers to an Adverse 
Relationship Between Counterparty Default and the Value of the Margin (e.g. a Counterparty Posting Its Own Bonds) 


Margin Can Be Used Segregated or Rehypothecation Not Allowed 


No WWR 
WWR present 
Funding benefit 


the counterparty level). On the other hand, funding may apply 
at the overall portfolio level, since values for different transac- 
tions are additive, and margin received from counterparties 
may be reused. 


e Wrong-way risk (WWR). Wrong-way risk is generally (although 
not always) a concept applied in relation to credit exposure 
as it relates to a linkage between the event of default and 
the underlying value of a portfolio. WWR, therefore, is less 
important to consider in the case of funding. 


e Segregation. As discussed in Section 12.4.3, segregation has 
different impacts on credit exposure and funding because it 
prevents the reuse of margin. 


Despite the above differences, credit, debt, and funding value 
adjustments (CVA, DVA, and FVA) have many similarities and are 
usually quantified using shared methodologies. 


12.4.3 Impact of Segregation 
and Rehypothecation 


Margin in derivative transactions can be seen to serve two pur- 
poses: it has a traditional role in mitigating counterparty risk, 
but it can also be seen as neutralisation funding. This is why 
margin can be considered to impact both credit exposure and 
funding costs.’ Historically, the primary role of margin in OTC 
derivatives was to reduce counterparty risk. One way to observe 
this is in the prominence of one-way margin agreements 
(Section 11.3.2) for counterparties with excellent credit quality, 
meaning that the counterparty risk is low. In a more funding- 
sensitive regime, such margin terms are more costly because the 
associated funding costs may not be seen to be driven by the 
credit risk of the counterparty, but rather by the cost of raising 
funds by the party itself. 


Whilst the traditional use of margin is to reduce counterparty 
risk, its role in defining funding costs and benefits has become 
increasingly important in recent years as funding has received 


27 As in Equations (12.5) and (12.7). 


Counterparty risk reduction Funding benefit Counterparty risk reduction 
Limited counterparty risk reduction No funding benefit 


Limited counterparty risk reduction No funding benefit 


closer consideration. Margin may, therefore, be complemen- 
tary in mitigating both counterparty risk and funding costs. For 
example, receiving margin from a counterparty against a posi- 
tive value has a two-fold benefit. 


e Counterparty risk reduction. In the event of the counterparty 
defaulting, it is possible to hold on to (or take ownership of) 
the margin to cover close-out losses. 


e Funding benefit. The margin can be used for other purposes, 
such as being posted against a negative value in another 
transaction.?® Indeed, it could be posted against the hedge 
of the transaction. 


However, as Table 12.4 illustrates, the type of margin must 
have certain characteristics to provide benefits against both 
counterparty risk and funding costs. Firstly, in order to maxi- 
mise the benefits of counterparty risk mitigation, there must 
be no adverse correlation between the margin and the credit 
quality of the counterparty (WWR). Note that wrong-way mar- 
gin does still provide some benefit as a mitigant as long as it 
retains some value when the counterparty defaults. A second 
important consideration is that, for margin to be used for fund- 
ing purposes, it must be reusable. This means that margin must 
not be segregated and must be reusable (transferred by title 
transfer or allowed to be rehypothecated). In the case of cash 
margin, this is trivially the case, but for non-cash margin, rehy- 
pothecation must be allowed so that the margin can be reused 
or pledged via repo. 


Consider the counterparty risk mitigation and funding benefit 
from various types of margin under certain situations: 


e Cash that does not need to be segregated. As discussed 
above, this provides both counterparty risk and funding 
benefits. 


e Securities that can be rehypothecated. As above, as long 
as the haircuts are sufficient to mitigate against any adverse 


price moves and also the corresponding haircuts associated 


*® As long as it does not need to be segregated and can be 
rehypothecated. 
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with reusing the securities (e.g. the repo market or the mar- 
gin terms for another transaction). 


e Cash or securities that must be segregated or cannot be 
rehypothecated. These provide a counterparty mitigation 
benefit since they may be monetised in a default scenario, 
but they do not provide a funding benefit since they cannot 
be reused in a non-default scenario. Note that this is one 
of the scenarios used in the Totem xVA consensus pricing 
service, where it can be seen as a means to separate counter- 
party risk and funding-related costs. 


e Counterparty posting own bonds (that can be rehypoth- 
ecated). These provide a questionable counterparty risk- 
mitigation benefit since they will obviously be in default when 
needed.*? However, as long as they can be rehypothecated 
(and the haircuts are sufficient for this purpose), then they 
provide a funding benefit. 


One example of the above balance can be seen in the recent 
behaviour of sovereigns, supranationals, and agencies (SSAs) 
counterparties, who have traditionally enjoyed one-way credit 
support annexes (CSAs) with banks and not posted margin due 

to their high credit quality (typically triple-A). SSAs have begun to 
move towards two-way margining, sometimes in the form of their 
own bonds.”° This is because the traditional one-way agreement 
creates a very significant funding obligation for the banks, which is, 
in turn, reflected in the cost of the swaps SSAs use to hedge their 
borrowing and lending transactions. As banks have become more 
sensitive to funding costs, which in turn have become higher, the 
move towards a two-way margining means that a counterparty can 
achieve a significant pricing advantage. Posting own bonds may 
be seen as optimal for a high-credit-quality counterparty because 
it minimises the liquidity risk it faces from posting other margin. 
Furthermore, thanks to its strong credit quality, the counterparty 
risk it imposes is less significant than the funding costs, and hence 
it most obviously needs to reduce the latter (put another way, it is 
focusing on minimising costs via the bottom left of the four sce- 
narios in Table 12.4).31 


2? Note that they will provide some counterparty risk-reduction benefits. 
Firstly, if the bonds decline in value, then it is possible to request more 
margin and, secondly, the bonds will be worth something in default. 
However, a rapid default of the counterparty coupled with a low recov- 
ery value will make this form of margin almost worthless. 


30 Wood, D. (2011). KfW now using two-way CSAs, dealers claim. Risk 
(2 February).Wood, D. and J. Rennison (2014). Bank of England to post 
collateral in OTC derivatives trades. Risk (22 June). www.risk.net. IFR 


(2014). Europe’s SSAs embrace two-way collateral. IFR SSA Special 
Report 2014 (16 April). 


31 The capital requirements for counterparty risk (KVA) may still be quite 
significant, even if the counterparty risk charge itself (CVA) is not. 


12.4.4 Impact of Margin on Exposure 
and Funding 


Given aspects such as rehypothecation and segregation, when 
considering the benefit of margin on exposure, it is important 
to carefully define the exposure and funding components with 
reference to the nature of the underlying margin. In general, 
margin should be subtracted (added) to the exposure when 
received from (posted to) the counterparty. However, segrega- 
tion and rehypothecation create distinct differences. From the 
more general Equation 12.5, the positive exposure from the 
point of view of counterparty risk is: 


Positive exposure = max(value—margin® + margin\ys, 0), (12.8) 


where margin” is the value of the total margin received from the 


counterparty,°* and 


margins is the margin posted to the counterparty that is not 
segregated. Any margin received, irrespective of segregation 
and rehypothecation aspects, can be utilised in a default situ- 
ation. However, if margin posted is not segregated, then it will 
create additional counterparty risk, since it cannot be retrieved 
in the event that the counterparty defaults.’ 


On the other hand, the funding position (generalised from 
Equation 12.7) is: 


funding = value—margin’,, + margin” (12.9) 


where margingy represents the margin received that can be 
rehypothecated (or, more generally, reused), and margin” rep- 
resents all margin posted, irrespective of segregation and rehy- 
pothecation aspects. 


Finally, to make these definitions more precise, we can distin- 
guish between the two general types of margin (Section 11.2.3): 


e Initial margin. As seen from Equation 12.8, to minimise coun- 
terparty risk this needs to be segregated, otherwise posting 
initial margin will increase positive exposure. Furthermore, if 
initial margin is both posted and received, then the amounts 
will offset one another (in practice, initial margin received 
could be simply returned to the counterparty!). Two-way 
initial margin must, therefore, be segregated (as required by 
bilateral margin rules; Section 11.4),34 and unilateral initial 
margin should ideally be segregated.* 


32 Noting that WWR could reduce this value substantially. 


33 Note that negative exposure is defined differently, since this is 
relevant in the case that the institution itself defaults (DVA): Negative 
exposure = min(value + margin’-—margingys, 0). 


34 Except for the one-time rehypothecation of initial margin mentioned 
in Section 11.4.1. 


35 There are still situations in which parties not subject to regulatory mar- 
gin posting hold non-segregated unilateral initial margin (‘independent 
amount’), but this is becoming increasingly uncommon. 
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e Variation margin. From Equation 12.9, we can see that varia- 
tion margin should be rehy-pothecable (or reusable) so 
as to reduce funding costs. Whilst this potentially creates 
more counterparty risk when posting, since variation mar- 
gin is typically already owed against a negative value, this 
should not be a major concern. Variation margin is never 
segregated and can typically be rehypothecated, since it is 
posted against a negative valuation and does not represent 
overcollateralisation. 


Making the above assumptions regarding initial and variation 


margins, we can write the above formulas more specifically as:7° 
Positive exposure = max(value — V M-IM® , 0), (12.10) 
Funding = value—VM + IMP (12.11) 


The exposure for counterparty risk purposes can be offset by 
variation margin (which may be positive or negative), and initial 
margin received (IM*®). The funding position is fully adjusted by 
variation margin and increased by initial margin posted (IMP). 
Note finally that in the absence of initial margin, the formulas 
above become similar, with caveats from the first four points in 
Section 12.4.2. Note that there are also some other points that 
may need to be considered above. For example, initial margin 
received may be considered to have a funding cost due to the 
need to segregate it with a third-party custodian. 


Whilst both variation and initial margin impact funding, it is 
convenient to separate their effects into FVA and MVA (margin 
value adjustment) terms. This will become more obvious in the 
example below. 


SPREADSHEET 12.6 


Impact of variation and initial margin on 
exposure and funding. 


Example 


Suppose the current value of a portfolio is 20, and 18 of varia- 
tion margin is held together with 3 of (unilateral) segregated 
initial margin. Ignoring close-out costs: 


Positive exposure = max(20 — 18 — 3,0) = 0 


Negative exposure = min(20 — 18, 0) = 0 
Funding = 20 — 18 = 2 


36 As before, note that the concept of negative exposure for counter- 
party risk purposes is defined as Negative exposureccr = min(value — 
VM + IM”, 0), with posted variation margin being negative. The funding 
exposure can be positive or negative and is defined directly by 
Equation (12.9). 


The current counterparty risk exposure is zero, since the initial 
margin makes up the gap between the value and variation mar- 
gin (this gap could be a result of the value increasing before 
more margin can be received), whereas the amount that has to 
be funded is 2, since the initial margin held does not provide a 
funding benefit. 


Example 


Suppose the current value of a portfolio is 20, 15 of variation 
margin is held and 3 of segregated initial margin is posted bilat- 
erally. We have: 


Positive exposure = max(20 — 15 — 3,0) = 2 
Negative exposure = min(20 — 15 + 3,0) =0 
Funding = 20 = 15+ 3=8 


There is positive exposure due to the initial margin being insuf- 
ficient to cover the difference between the value and variation 
margin. The amount that has to be funded is 8, which is partially 
uncollateralised value (2) and partly the initial margin that is 
posted (5). 


Suppose the current value of a portfolio is —20, 15 of variation 
margin has been posted and 3 of initial margin is posted bilater- 
ally. We have: 


Positive exposure = max(—20 + 15 — 3,0) = 0 
Negative exposure = min(-20 + 15 + 3,0) = -2 
Funding = —20 + 15+ 3 = -2 


The positive exposure is zero, since the amount of variation 
margin posted is less than the (negative) value. There is negative 
exposure, since the initial margin does not completely cover the 
variation margin gap. There is a funding benefit arising from 

the variation margin that has not been posted (5) less the initial 
margin posted (3). 
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CVA 


WE Learning Objectives 


After completing this reading you should be able to: 


® Explain the motivation for and the challenges of pricing 
counterparty risk. 


© Describe credit value adjustment (CVA). 


© Calculate CVA and CVA as a spread with no wrong-way 
risk, netting, or collateralization. 


© Evaluate the impact of changes in the credit spread and 
recovery rate assumptions on CVA. 


© Explain how netting can be incorporated into the CVA 
calculation. 


© Define and calculate incremental CVA and marginal CVA 
and explain how to convert CVA into a running spread. 


© Explain the impact of incorporating collateralization into 
the CVA calculation, including the impact of margin period 
of risk, thresholds, and initial margins. 


© Describe debt value adjustment (DVA) and bilateral CVA 
(BCVA). 


Calculate DVA, BCVA, and BCVA as a spread. 


Describe wrong-way risk and contrast it with 
right-way risk. 


Identify examples of wrong-way risk and examples of 
right-way risk. 


Discuss the impact of collateral on wrong-way risk. 
Identify examples of wrong-way collateral. 


Discuss the impact of wrong-way risk on central 
counterparties. 


Describe the various wrong-way modeling methods 
including hazard rate approaches, structural approaches, 
parametric approaches, and jump approaches. 


Explain the implications of central clearing on 


wrong-way risk. 


Excerpt is Chapter 17 of The xVA Challenge: Counterparty Credit Risk, Funding, Collateral, and Capital, Fourth edition, by Jon Gregory. 


To download the spreadsheets, visit https://cvacentral.com/books/credit-value-adjustment/spreadsheets/ and click link to Chapter 17 
exercises for Fourth Edition 
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13.1 OVERVIEW 


This chapter will introduce the first members of the xVA family, 
namely credit or counterparty value adjustment (CVA) and debt 
or debit value adjustment (DVA). It will be shown that, under 
fairly standard assumptions, CVA and DVA can be defined in a 
straightforward way via credit exposure, default probability, and 
loss given default (LGD). We will then discuss computational 
aspects and show example calculations. 


CVA has become a key topic for banks in recent years due to 
the volatility of credit spreads and the associated accounting 
(e.g. IFRS! 13) and capital requirements (Basel Ill). However, 
whilst CVA calculations are a major concern for banks, they are 
also relevant for other financial institutions and corporations that 
have significant numbers of over-the-counter (OTC) derivatives 
to hedge their economic risks. 


A key and common assumption made initially in this chapter will 
be that credit exposure and default probability are indepen- 
dent.? This involves neglecting wrong-way risk (WWR), which will 
be discussed in Section 13.6. We will also discuss CVA and DVA 
in isolation from other xVA terms. This is an important consider- 
ation since xVA terms cannot, in reality, be dealt with separately 
and possible overlaps should be considered. 


CVA was originally introduced as an adjustment to the risk-free 
value of a derivative to account for potential default. Rather 
than using the term ‘risk-free value’, it is possible to define CVA 
as being the difference between the value with and without 
counterparty default. Historically, CVA was seen as a ‘credit 
charge’ for pricing and a ‘reserve’ or ‘provision’ for financial 
reporting purposes. Such calculations were often made with 
historical parameters (e.g. volatilities and default probabilities). 
More recently, accounting requirements have meant that CVA 
has become defined via an ‘exit price’ concept and computed 


with market-implied (risk-neutral) parameters. 


In general, CVA is computed with market-implied parameters 
where practical. Such an approach is relevant for pricing since it 
defines the price with respect to hedging instruments and sup- 
ports the exit price concept required by accounting standards. 
Risk-neutral exposure simulation is relatively natural due to the 
parallel with option pricing and the fact that many parameters 
(e.g. forward rates and volatilities) can be derived from market 
prices. Of course, certain parameters cannot be market-implied 
since they are not observed in the market (e.g. correlations), 

or may require interpolation or extrapolation assumptions (e.g. 


1 International Financial Reporting Standards. 


? As well as the recovery value. 


long-dated volatilities). Risk-neutral parameters such as volatili- 
ties may generally—but not always—be higher than their real- 
world equivalents (e.g. historical estimates). 


A more controversial issue is the default probability component 
of CVA. Obtaining market-implied default probabilities in most 
cases requires proxy credit spread curves to be defined. As for 
exposure, the use of market-implied parameters is relevant for 
pricing purposes. However, the use of market-implied default 
probabilities may be questioned for a number of reasons: 


e market-implied default probabilities are significantly higher 
than their real-world equivalents; 


e a default cannot, in general, be hedged since most counter- 
parties do not have liquid single-name credit default swaps 
(CDSs) referencing them; and 


e the business model of banks is generally to ‘warehouse’ 
credit risk, and therefore they are only exposed to real-world 
default risk. 


The above arguments are somewhat academic, as most banks 
(and many other institutions) are generally required by account- 
ing standards to use credit spreads when reporting CVA. There 
are, however, cases where historical default probabilities may 
still be used in CVA calculations today, such as in the case of 
smaller regional banks with less significant derivatives busi- 
nesses, who may argue that their exit price would be with a local 
competitor who would apply a similar approach. 


In situations such as the above, which are increasingly rare, 
banks may see CVA as an actuarial reserve and not a market- 
implied exit price. 


13.2 CREDIT VALUE ADJUSTMENT 


Standard early reference papers on the subject of CVA calcula- 
tion include Sorensen and Bollier (1994), Jarrow and Turnbull 
(1992, 1995, and 1997), Duffie and Huang (1996), and Brigo and 
Masetti (2005a). 


13.2.1 CVA Compared to Traditional 
Credit Pricing 


Pricing the credit risk for an instrument with one-way payments, 
such as a bond, is relatively straightforward—one simply needs 
to account for default when discounting the cash flows, and 
add the value of any payments made in the event of a default. 
However, many derivatives instruments have fixed, floating, or 
contingent cash flows or payments that are made in both direc- 
tions. This bilateral nature characterises credit exposure and 
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Cash flow fully at risk 
in the event of default 
at any prior date 


Bond 


GEMSEERY Illustration of the complexity when calculating the 
CVA on a derivative instrument such as a swap, compared with 


pricing credit risk on a debt instrument such as a bond. In the bond, 

the cash flow circled is fully at risk (less recovery) in the event of 

default of the issuer, but in the swap the equivalent cash flow is not 
fully at risk due to the ability to partially offset it with current and 
future cash flows in the opposite direction (the three dotted cash 


flows shown circled). 


makes the quantification of counterparty risk significantly more 
difficult. Whilst this will become clear in the more technical pric- 
ing calculations, a simple explanation is provided in Figure 13.1, 
which compares a bond to a similar swap transaction. In the 
bond case, a given cash flow is fully at risk (a portion of its value 
will be lost entirely) in the event of a default, whereas in the 
swap Case only part of the cash flow will be at risk due to partial 
cancellation with opposing cash flows. The risk on the swap is 
clearly smaller due to this effect.? However, the fraction of the 
swap cash flows that is indeed at risk is hard to determine, as 
this depends on many factors such as yield curve shape, forward 
rates, and volatilities. 


The above will be illustrated in more detail in Section 13.2.4. 


13.2.2 Direct and Path-Wise CVA 
Formulas 


CVA can be seen as being driven by three separate terms: 
e Does the counterparty default? 
e Ifthe counterparty defaults, what is the exposure at that time? 


e How much of the exposure is lost? 


3 It is also smaller due to the lack of a principal payment, but this is a 
different point. 


Cash flow not fully at risk 
due to partial offset with 
opposing cash flows 


The standard unilateral CVA (UCVA) formula (which 
assumes the party making the calculation cannot 
default) can be written as the following expected 
value: 


UCVA(t) = —E[Kr = T).Vit,7),.LGD] (13.1) 


where t represents the current time, T the (maxi- 
mum) maturity of the portfolio, and 7 the default 
time of the counterparty. The terms inside the 


expected value are as follows: 


e I(t = T)is the indicator function, which takes 
the value 1 if the default time of the counter- 
party is within the maturity in question (r = T) 
and zero otherwise. The expected value of this 
indicator function should be the cumulative 
default probability of the counterparty in the 
interval [t, T]. 
Vit, 7), = max[V(t, 7), 0] is the exposure in 
the event of default discounted to time t. The 
expected value of this at a given default time 
is the expected positive exposure (EPE), as 
defined in Section 11.1.5. 
e LGDis the loss given default. This is the percentage amount 
of the exposure expected to be lost if the counterparty 


defaults. Note that sometimes the recovery rate (R) is used 
with LGD = 100% — R. 


Note that the above three components may be dependent 
within the calculation specified by Equation 13.1. The above for- 
mula could be implemented with a scheme as follows: 


1. Simulate a random time of default, 7, consistent with the 
underlying credit spread curve (does the counterparty 
default?). 


2. Simulate a value of the portfolio at the future default date 
discounted back to time t, V(t, T) and from this define the 
exposure at default Vit, 7). as simply the positive part of 
this term (if the counterparty defaults, what is the exposure 
at that time?). 


3. Simulate an LGD value (how much of the exposure is lost?). 

4. Multiply the above terms. 

5. Repeat and average. 
The above process is greatly simplified by assuming that the 
default time, the exposure at default, and the LGD are indepen- 
dent (no WWR), which also means that only a single average 
LGD need be used. This will be referred to as a ‘direct CVA cal- 


culation’ (Figure 13.2). Note that it is consistent with the direct 
approach to exposure simulation, since it is only necessary to 
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V(t ty 


Today (f) t 
UAE Illustration of a direct CVA calculation. 


evaluate the value of the portfolio at a single potential default 
date in the future. It is also efficient only to simulate default 
times that are in the interval [t, T ] and then multiply the final 
result by the counterparty default probability in this interval. 


SPREADSHEET 13.1 


Direct CVA calculation for an interest rate 
swap. 


Another way to write the CVA expression is via a one-dimen- 
sional integral over time: 


UCVA(t) = -LGD f AcDy.,, (t, u)EPE(t, u) (13.2) 
t 


where Ac is the instantaneous default probability, D,.,_ (t, u) = 
i exp(—(r + Ac)ds) is a ‘risky discount factor’, and EPE(t, u) = 
F[V(t, u)..] is the EPE. 


The above formula is typically approximated as a discrete sum: 


UCVA(t) ~ -LGD Y, EPE(t, t) x PD(t-1, t) 
=1 


(13.3) 


The UCVA depends on the following components: 


e LGD. The loss given default, as described above. 


e EPE. The discounted EPE for the relevant dates in the future 
given by t;. Although discount factors could be represented 
separately, it is usually most convenient to apply (risk-free) 
discounting during the computation of the EPE.* 


4 In case explicit discount factors are required, care must be taken—for 
example, in an interest rate product where high rates will imply a smaller 
discount factor and vice versa. To account for this convexity effect tech- 
nically means quantifying the underlying exposure using the ‘T-forward 
measure’ (Jamshidian 1989). By doing this, discount factors depend on 
expected future interest rate values, not on their distribution. Hence, 
moving the discount factor out of the expectation term (for exposure) 
can be achieved. 


EPE (t) x PD (hy t) 


UWIII 


t t, Time 
Gti) Illustration of CVA formula. The 
component shown is the CVA contribution for a given 
interval. The formula simply sums up across all intervals 
and multiplies by the LGD. 


e Probability of default (PD). The default probability for the 
interval [t;_1, tl. 


The above formula is an alternative way to compute CVA and 
can be seen as a weighted average of the EPE profile, as illus- 
trated in Figure 13.3. Since the LGD was not assumed to have 
any time behaviour, it is a simple multiplier. 


The above formula is quite intuitive since it represents CVA as 
a product of the EPE (market risk) and PD (credit risk). Note 
that default enters the expression via default probability only 
following the assumption of independence (no WWR). In this 
approach, whilst one may require a simulation framework in 
order to compute EPE, it is not necessary to simulate default 
events. Spreadsheets 13.1 and 13.2 can be used to show that 
the CVA calculated via Equations 13.1 (with no WWR) and 13.3 
is the same. 


SPREADSHEET 13.2 


Path-wise CVA calculation for an interest rate 
swap. 


At first glance, it probably seems that the best method for 
computing CVA is the path-wise formula, rather than the direct 
approach. One reason for this is that the path-wise formula in 
Equation 13.3 is intuitive in representing CVA as a summation 
over the EPE profile, which is the natural way to look at the 
exposure component, together with the associated PD and LGD 
terms. 


However, direct calculations of xVA terms can be more efficient 
in terms of computational time. Each simulation in the path-wise 
approach will require multiple valuations of the underlying port- 
folio according to the choice of the number of time intervals (m 
in Equation 13.3). Increasing m will improve the approximation 
of the integral, but likely at an increased computational cost due 
to the larger number of portfolio valuations required. It turns out 
that this can be quite inefficient. 


In order to see this, we compare the convergence of the direct 
and path-wise implementations as a function of the number of 
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valuations of the underlying portfolio that need 

to be made (since this is often the bottleneck 

of the CVA calculation). The CVA is calculated 

for an uncollateralised 10-year receiver interest 
rate swap with direct and path-wise approaches 
according to Spreadsheets 13.1 and 13.2. In the 
path-wise approach, 40 time steps are used, which 
corresponds to a quarterly grid. This means that 
for the case of 40,000 valuations, the path-wise 
method will use 1,000 simulations and 40 time 
steps, whereas the direct approach will use 40,000 
different default times. Figure 13.4 shows the 
results, which illustrate that the direct approach 
converges much more quickly. 


In order to be more precise about the improve- 
ment when using the direct method, the 
standard deviation of the CVA estimate with 
each approach (using 20 different calculations, 
each with a total of 40,000 valuations) is calcu- 
lated (Figure 13.5). 


The reason for the better computational perfor- 
mance of the direct method is that the path-wise 
simulation is slow to converge due to the autocor- 
relation between successive points in the simula- 
tion. For example, Figure 13.6 shows the strong 
relationship between successive valuation points in 
the path-wise simulation. This high positive correla- 
tion means that convergence, as a function of the 
total number of valuations, is slow. 


The improvement is quite dramatic, with the stan- 
dard deviation being six times smaller in the direct 
approach. Since Monte Carlo error is approxi- 
mately proportional to the square root of the 
number of simulations,” this actually represents a 
speed improvement of 6 X 6 = 36 times. In other 
words, we can do 36 times fewer valuations in the 
direct approach to achieve the same accuracy. 


Whilst this may sound appealing, it presumes that the valuation 


—e— Direct =-->- Path-wise 


CVA estimate 


400 800 1,200 1,600 2,000 4,000 10,000 20,000 40,000 80,000 


Valuation calls 


GEMSEEI The estimate of CVA for a 10-year receiver swap 
with path-wise and direct simulation approaches as a function of 
the total number of valuation calls. 


-16.0 ~ 
-16.5 4 


-17.0 + > 


-17.5 4 


CVA estimate 


-18.0 4 


-18.5 + 


Path-wise Direct 


GPIMESEJ The estimate of CVA for a 10-year interest rate 
swap with path-wise and direct simulation approaches and a 
total of 100,000 valuations. The error bars showing one standard 
deviation are shown. 


overheads in the direct simulation, such as generating the entire 
path to the default time.° 


step will be a major bottleneck in the calculation. Amdahl’s law 


(Amdahl 1967) gives a simple formula for the overall speed-up 
from improving one component of a calculation. This formula 
is ((1 — P) + E) ' where P is the percentage of the calculation 
that can be improved and S is the relative speed improvement. 
For example, if 90% (P = 0.9) of the time is spent on pricing 
function calls, and these can be sped up by 25 times, then the 
overall improvement is 7.3 times. There may also be additional 


> This is a consequence of the central limit theorem. 


A direct simulation approach for CVA may, therefore, be faster, 
but this will depend on the precise time spent on different com- 
ponents in the Monte Carlo model. This approach is also less 
obviously applied to portfolios with path dependencies, such as 
collateralised transactions and some exotics. 


Another advantage of the direct approach may be in the model- 
ling of WWR, discussed later in Section 13.6. 


© This would be required in some models and any path-dependent cases 
(e.g. collateralisation). 
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2.25-year simulation point 


2-year simulation point 


IE) ER Running CVA Calculations 


CVA (bps per annum) 


Divide by risky annuity = ee 
Exact (recursive) — 1.96 
EPE approximation —2.01 


in Equation 13.4 is useful for intuitive understanding of 
the drivers of CVA, as it separates the credit component 
(the credit spread of the counterparty) and the market risk 
component (the exposure, or average EPE). 


Table 13.1 illustrates running CVA calculations for the 
interest rate swap considered in Section 13.2.2. 


| Figure 13.6 | Correlation between valuations at successive 


points (two years, and two years and three months) in the 


path-wise CVA calculation. 


13.2.3 CVA as a Spread 


For pricing purposes, it is often useful to calculate CVA—and 
indeed any xVA adjustment—as a running spread (per annum 
charge) so as to, for example, adjust a rate paid or received. 
One simple way to do this is to divide by a duration or annu- 

ity value for the maturity in question. However, this potentially 
ignores the ‘CVA of the CVA’. Charging CVA will increase the 
value of the transaction which will, in turn, increase the total 
CVA. The correct result could be achieved by solving recursively 
for the spread that makes the value of the transaction including 
CVA equal zero. Vrins and Gregory (2011) show that the effect 
can be bounded by using both risky and non-risky annuity values 
(see Appendix 17B). 


Another approximation to the above (Appendix 17C) assumes 
that the EPE is constant over time, which yields the following 
approximation based on the average EPE: 


UCVA = —average EPE X spread (13.4) 


where the UCVA is expressed in the same units as the credit spread 
(which should be for the maturity of the instrument in question) 
and the average EPE is as defined in Figure 12.4.’ This approxima- 
tion generally works reasonably well, especially where the EPE pro- 
file (or default probability profile) is relatively constant over time. 
Whilst not used for actual calculations, the approximate formula 


’ This is the simple average of the EPE values in our example, although 
for non-equal time intervals it would be the weighted average. In the 
approximate formula, the undiscounted EPE is required, although in a 
low interest rate environment the discounting differences may be small, 
especially for short-dated transactions. 


For relatively small CVA charges, such as in this exam- 

ple, the recursive effect is small, although Vrins and 

Gregory (2011) show that it is significant in certain cases 
(typically more risky counterparties and/or long-dated trans- 
actions). Note also that this effect is systematic: an xVA desk 
charging based on the first-order CVA will always lose money 
when the trade is booked—all other things being equal—due to 
the additional ‘CVA on the CVA’. 


13.2.4 Special Cases 


There are special cases where CVA can be calculated easily. 
For example, Figure 13.7 shows CVA for payer and receiver 
swaps as a function of the swap rate. In the case where the 
transaction or portfolio is very in-the-money (ITM) (has a large 
positive value), the EPE can be approximated by the expected 
future value (EFV), which leads to a simplification in the 
calculation. 


In such situations, it is possible to either use the CVA formula 
with the EFV, or alternatively to use a discounting approach.® 
This effect is showing the complex swap-like CVA calculations 
converging to a simpler case, as previously illustrated in 
Figure 13.1. 


13.2.5 Credit Spread Effects 


The shape of the credit curve can have a material impact on CVA. 
Upwards-sloping, flat, and inverted credit curves all have the same 
five-year credit spread of 150 basis points (bps). Whilst these 
curves gave cumulative default probabilities that were the same 
at the five-year point, the marginal default probabilities differ 
substantially. For a flat curve, default probability is approximately 


8 This would have to account for the LGD. 
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CVA (receiver) 


= — — Discounting 


o8 888 


CVA (bps) 


Swap rate 


Minus CVA (payer) 


ACUGCMENA CVA for payer and receiver interest rate swaps 
as a function of the swap rate. Also shown is the analytical 
CVA calculated with the EFV. The CVA of the payer swap is 


shown as a positive value for display purposes. 


1F)-)(-e #4 CVA for 10-Year Receive Fixed Interest 
Rate Swap Using the Three Credit Curves in Figure 12.3. 
The Five-Year Credit Spread Is Assumed to Be 150 bps 


and the LGD 60% in All Cases 


10 Years 
Upwards sloping —24.6 
Flat —20.0 
Inverted =15.7 


CVA (bps) 
2 


—100 4 


—120 


equally spaced, whilst for an upwards- (downwards-) 
sloping curve, defaults are back- (front-) loaded. We 
show the impact of curve shape on CVA in Table 13.2. 
The upwards-sloping curve gives the largest value, 
mainly due to having the largest extrapolated 10-year 
credit spread. The inverted curve gives the smallest 
CVA for the opposite reason. 


Another important feature to understand is the 
change in CVA as credit spread widens, as shown in 
Figure 13.8. CVA generally increases with increasing 
credit soread. However, in default, CVA will con- 
verge to the exposure of the transaction (or portfo- 
lio), which may be zero. Whilst this is not apparent 
for relatively small credit spread changes, it leads to 
a large gamma for larger credit spread changes. This 
behaviour is also important for understanding jump- 
to-default risk. 


13.2.6 Loss Given Default 


LGD (or recovery rate) can be defined as either the settled 
or actual value. Substituting the default probability formula 
(Equation 12.1) into the CVA formula (Equation 13.3) gives: 


m sia tia \ 
UCVA(t) = ~LGDyenae © EPE(t, t) x exp ( 2L 
2 ` LGD mkt 
( Ala, (13.5) 
ane $ LGDmkt/. ` 


Increase in credit spread curve (bps) 


GFMZSEJ CVA for 10-year receiver swap as the credit spread 
curve is increased. A lognormal scale is used for clarity. The CVA 
for a very large credit spread change converges to zero since it is a 


par transaction. 
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where the ‘actual’ and ‘market’ LGDs, which should -14 
be expected values (although this is not always stated 

explicitly), are referenced explicitly. The former -15 + 
(LGD;ctual) should reference the actual expected LGD 
that would be received in the event that the counter- 
party defaults. The latter (LGD,,,;) refers to the value 
to assume for calibrating market-implied default prob- 


CVA (bps) 
q 
= 


abilities, which should, therefore, relate to the senior- 


ity of the underlying instrument used to determine the ii 
credit spread (usually senior unsecured for most CDS ~19 4 
contracts). For example, BCBS (2011b) states that, for 
regulatory capital purposes:” -20 + 
20% 30% 40% 50% 60% 70% 80% 90% 100% 


It should be noted that this LGDmkge which inputs 


into the calculation of the CVA risk capital charge, is 
different from the LGD that is determined for the IRB Figure 13.9 CVA as a function of the LGD used when 
LGD5ctual = LGD mkt- 


LGD 


[internal ratings-based approach] and CCR [counter- 
party credit risk] default risk charge, as this LGDrx is 


a market assessment rather than an internal estimate. 
due to the structural nature of the counterparty (e.g. project 


Whilst the above LGDs are different conceptually, if a derivatives finance-related transactions); 


claim is of the same seniority as that referenced in the CDS (as is © credit enhancements such as margin or other forms of credit 


typically the case), then one should typically assume that LGD ¢tuai= SUPPO anid 


LGD mkt- Indeed, this is a requirement in the aforementioned regula- 


tory capital framework (BCBS 2011b), since only LGD is refer- e the consideration that, due to their work-out process experi- 


enced in the formula. In this case, the LGD terms in Equation 13.5 ange ey May ATMEN NORE e cy ar. 


will cancel to first order, and there will be only moderate sensitivity The first case—that of different seniority—is the most common 
13.4 has no LGD input reflecting this cancellation. example of this is: 

Figure 13.9 illustrates the minimal impact of changing the LGD ... estimated recovery rates implied by CDS, adjusted to 
in this case. As expected, changing both LGDs has a reasonably consider the differences in recovery rates as a derivatives 
small impact on CVA since there is a cancellation effect: increas- creditor relative to those reflected in CDS spreads, which 
ing LGD reduces the market-implied default probability but generally reflect senior unsecured credit risk. |" 


increases the loss in the event of default. The net impact is only 


B ceconclo dere licce rerexamin le achancing ie LGD fronncovs This adjustment for seniority is also envisaged by regulatory 


ital rules—f le, BCBS (2015a) states: 
to 50% changes CVA by less than 2%. eae E ee aa aaps 


The market-implied ELGD [LGD .1y4)] value used for 


Despite this, in certain cases institutions may consider it appro- 
regulatory CVA calculation must be the same as the one 


priate to use a different value for LGD. ya). These cases may 


a ae used to calculate the market-implied PD from credit 
include (in order of ease of justification): 


spreads [LGD mgt] unless it can be demonstrated that 


e seniority in the exposure waterfall (e.g. trades with securitisa- the seniority of the derivative exposure differs from the 
tion special purpose vehicles) or a significantly different LGD seniority of senior unsecured bonds. 


One common situation where lower LGDs are used is project 
? We note that regulatory capital requirements are more prescriptive finance. Project finance refers to the funding of infrastructure 
than accounting requirements, which is why we make reference to them and industrial projects off-balance sheet, and based upon the 
here. However, it does not necessarily follow that accounting CVA must 
follow Basel standards. The future regulatory framework for computing hs woe 
CVA capital (BCBS 2017) will use a bank's accounting CVA for determin- ing balance sheet. The majority of funding is usually via senior 
ing regulatory capital (standardised CVA, SA-CVA), which may com- debt, with junior debt, equity, and grants also forming part of 
pletely align accounting standards with regulatory capital ones. 


projected returns from the project rather than from an underly- 


10 This is because exp(—x) = 1 — x for small values of x. This is therefore — 
more accurate for smaller spread values. WP Morgan (2015). Annual Report. 
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the financing. Senior debtors will aim for the project 
to produce sufficient cash flows to repay them in full, 
and will ensure that the legal structuring of the project 
will be such that they have priority over all material 
assets in a default scenario. Project finance is typically 
associated with strong credit underwriting principles 
and structural features that enhance the position of 


CVA (bps) 


senior debtors. This is generally seen via higher recov- 
ery rates (approximately 75% on average) in project 
finance compared to other types of unsecured lending 
(e.g. approximate 40% average for corporates). For 
example, Standard & Poor's (2016) states that ‘proj- 


ect finance exhibits a strong average recovery rate of 20% 


77%, which is stronger compared to average recover- 
ies observed in the corporate world’. 


The impact of using different LGDs is shown in 
Figure 13.10. 


One caveat to the above LGD ‘override’ process is 

that the LGD must not be a consideration in the credit curve 
construction process. In cases where different LGDs are used to 
reflect a more favourable recovery outcome, it is important to 
ensure that any credit spread proxy that has been determined 
on the basis of a rating has been done so only via reference 

to default probability. If this is not the case, then there is the 
potential for double-counting if the expectation of a relatively 
high recovery rate leads to a better rating. In such a case, this 
better rating would, in turn, lead to a lower credit spread, and 
it would therefore be inappropriate to reflect this a second 
time using a lower LGD. In order to avoid the above double- 
counting, it is important that any rating used for the basis of 
credit spread mapping should reflect only default probability 
and not expected loss. Standard & Poor's rating definitions are 
default probability based—for example, AA is defined as ‘The 
obligor’s capacity to meet its financial commitments on the 
obligation is very strong.’'* On the other hand, Moody's defini- 
tions suggest that recovery rates may be part of the rating pro- 
cess, with, for example, Aa being defined as ‘Obligations rated 
Aa are judged to be of high quality and are subject to very low 


credit risk.’'3 


Note that the xVA desk in a bank commonly assumes LGD risk 
in relation to actual defaults.'* This risk is due to the potential 
difference between the value of LGD.¢iya) and the LGD experi- 


enced after the work-out process. 


12 www.standardandpoors.com. 


12 
www.moodys.com. 


14 International Association of Credit Portfolio Managers (IACPM) Survey 
(2018). 


LGDs equal — — — LGDs unequal 


30% 40% 50% 60% 70% 80% 90% 


LGD 


GPMZSZEXIJ CVA as a function of the LGD used for equal 
(LGD5ctuat = LGD pt) and unequal (LGD, varied and 
LGD wit = 60%) LGD assumptions. 


13.3 DEBT VALUE ADJUSTMENT 


13.3.1 Accounting Background 


A key assumption in the definition of CVA above was that the 
party making the calculation could not default. This may have 
seemed like a fairly innocuous and straightforward belief. 
Indeed, it is consistent with the ‘going concern’ accountancy 
concept, which requires financial statements to be based on 
the assumption that a business will remain in existence for an 
indefinite period. However, international accountancy standards 
allow (indeed, potentially require) a party to consider its own 
default in the valuation of its liabilities. It is stated explicitly that 
an ‘own credit’ adjustment must be made. Furthermore, DVA 
could be interpreted as being part of the ‘exit price’ due to the 
fact that a counterparty will charge CVA. DVA is associated, via 
the expected negative exposure (ENE), with the liability posi- 
tion in the same way that CVA is associated with an asset via the 
EPE. The use of both CVA and DVA is generally referred to as 
‘bilateral CVA’ (BCVA). 


The use of BCVA has been largely driven by accounting practices 
and formally began in 2006 when the FAS 157 determined that 
banks should record a DVA entry. FAS 157 states: 


Because non-performance risk includes the reporting 
entity's credit risk, the reporting entity should consider 
the effect of its credit risk (credit standing) on the fair 
value of the liability in all periods in which the liability is 
measured at fair value. 


This led to a number of large US (and some Canadian) banks 
reporting DVA in financial statements, with the BCVA taking the 
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form of an exit price rather than a reserve. Most other banks 
did not report DVA adjustments at this time and still considered 
CVA to be a reserve (e.g. using historical default probabilities in 
the calculation). 


Following the introduction of IFRS 13 from January 2013 (IFRS 
2011), most other large banks have moved to BCVA reporting 
using market-implied parameters. IFRS 13 requires that transac- 
tions such as derivatives be reported at ‘fair value’, the defini- 


tion of which includes the following comment: 


The fair value of a liability reflects the effect of non-per- 
formance risk. Nonperformance risk includes, but may 
not be limited to, an entity’s own credit risk. 


The interpretation of auditors has generally been that IFRS 13 
accounting standards require the use of market-implied default 
probabilities (via credit spreads) and both CVA and DVA compo- 
nents to be reported. This has led to a moderate convergence 
in recent years, although there are still some exceptions for 
regions where IFRS 13 has not been implemented, or banks 
where the CVA and DVA may be considered to be immaterial. 


However, these exceptions are becoming less common. 1> 


Despite the general adoption of DVA in accounting, it is impor- 
tant to note that the precise implementation—like CVA—does 
not follow clear standards across the market (see ESMA 2017). 
It is also important to note that, whilst banks have generally 
adopted DVA in financial reporting, this is somewhat under- 
mined by their introduction of funding value adjustment (FVA), 
as discussed in Chapter 18. 


DVA is a double-edged sword. On the one hand, it resolves 
some theoretical problems with CVA and creates a world where 
price symmetry can be achieved. On the other hand, the nature 
of DVA and its implications and potential unintended conse- 
quences are troubling. Indeed, as will be discussed in Chapter 
18, market practice can be seen to generally disregard DVA in 
aspects such as pricing and replace it with funding considerations 
(FVA). However, it is still important to understand DVA from an 
accounting standpoint and its subsequent relationship to FVA. 


13.3.2 DVA, Price, and Value 


DVA will be discussed from the point of view of accounting, eco- 
nomic, and regulatory value. 


In order to understand the accounting rationale behind DVA, 
consider two parties with respective valuations of a certain 
portfolio: V4 and Vs. If these are base valuations, then it is rea- 
sonable that the parties agree on a valuation (e.g. they use the 


15 Davis, C. (2019). Japan banks face huge CVA hit, dealers say. Risk (21 
January). www.risk.net. 


same discounting approach) and therefore Va = —Vs. If this is 
not the case, then value has been created or destroyed. 


Now, if we bring CVA into the picture, then the valuations 
between the different parties will not agree since CVA is always 
a negative adjustment. However, by including DVA then: 


Va + CVA, + DV A, (party A point of view) 
Vg + DV Ag + CV Ag (party B point of view) 


(13.6a) 
(13.6b) 


With CV A, = —DV Ag and DV A, = -CV Ag (‘my CVA is your 
DVA’), then once again it is possible for the actual valuations to 


agree. 


From a pricing point of view, CVA has traditionally been a 
charge for counterparty risk that is levied on the end user (e.g. 

a corporate) by their counterparty (e.g. a bank). Historically, 
banks charged CVAs linked to the credit quality of the end user 
and the exposure in question. An end user would not have been 
able credibly to question such a charge, especially since the 
probability that a bank would default was considered remote 
(and, indeed, the credit spreads of banks were traditionally 

very small and their credit ratings strong). This changed during 
the global financial crisis, and the credit spreads of the ‘strong’ 
financial institutions became—and have since remained—mate- 
rial. This raises the question of whether banks, too, should be 
charged a CVA by their counterparties and how two banks could 
trade together in the interbank market. 


One important feature of DVA is that it solves the above issues 
and creates ‘price symmetry’, where, in theory, parties can agree 
on prices. However, this raises the question of whether or not a 
party would be happy to include DVA in its pricing. Whilst this 
will not give rise to a loss (assuming DVA is also part of valua- 
tion), it may be questioned to what extent DVA has an economic 
value. Whilst there is a clear economic impact of counterparty 
default losses leading to CVA, the notion of own default leading 
to DVA gains is more problematic. Furthermore, from a hedging 
perspective, whilst CVA can be seen as relating to the cost of 
buying CDS protection on a counterparty, DVA would be linked 
to selling CDS protection on one’s own credit. 


A party that does not believe that DVA is part of economic value 
will be reticent to include it in their pricing. It is important to note 
that price symmetry is not generally a requirement for markets: 
for example, banks may determine prices for derivatives, and end 
users decide whether or not to transact at these quoted prices. 


In line with the above view is the fact that regulation requires 
that DVA gains be derecognised from equity, implying that DVA 
is not part of the regulatory value. 


Rationalising the different accounting, economic, and regula- 
tory DVA viewpoints can be done by considering the view of 
shareholders and bondholders. In the event of the default of an 


278 Financial Risk Manager Exam Part Il: Credit Risk Measurement and Management 


institution, shareholders receive nothing, whereas bondholders 
receive a residual—or recovery—value. Suppose a firm enters 
into an out-of-the-money (OTM) (negative value) transaction, 
for which it will receive an upfront payment and which will also 
have a significant DVA component. In the event of default, the 
other creditors will receive a portion of this amount, leading to 
a higher recovery rate, and therefore they may see the DVA as 
real.1 The shareholders will not consider the DVA to be real 
since they receive nothing in default. Conflicts between share- 
holders and bondholders are well known in finance. 


Since regulatory capital requirements set the required amount 
of shareholder equity, it is therefore not surprising that they 
require the derecognition of DVA. On the other hand, taking the 
view that financial reporting should reflect the total value of a 
firm (i.e. not only to shareholders) would support the reporting 
of DVA as a benefit to bondholders. In terms of pricing, taking a 
shareholder view would require the exclusion of DVA. 


13.3.3 Bilateral CVA Formula 


Under the assumption that both the party making the calculation 
and its counterparty can default, a BCVA formula is obtained 
consisting of CVA and DVA components (Appendix 17D): 


BCVA = CVA + DVA (13.7a) 


CVA(t) = -LGD / Aca.  WEPE Uy (03.76) 
t 


DVA(t) = —LGDp f AcD,racrap (t ENEI, u) (13.70) 
t 


The suffixes P and C indicate the party making the calcula- 
tion and its counterparty, respectively. The CVA term is 

similar to Equation 13.2, but with the factor Darsa te) = 
ce exp(—(r + Ac + Ap))ds representing the survival of both 
parties in the formula. This is sometimes known as the ‘first-to- 
default’ effect because it ensures that a default event is condi- 
tioned on the other party not defaulting first. 


The DVA term above is the mirror image of CVA based on the 
ENE, the party's own default probability and the LGD. DVA 

is positive due to the sign of the ENE, and it will, therefore, 
oppose CVA as a benefit. The DVA term corresponds to the fact 
that in cases where the party itself defaults, it will make a ‘gain’ 
if it has a liability position (negative exposure). This gain is the 
opposite of the loss that the surviving counterparty experiences. 
Since ENE is equal and opposite to the counterparty’s EPE, it 


16 Assuming the creditors for the transaction in question have no secu- 
rity or seniority over the other creditors. 


can be seen that one party’s DVA, theoretically, is equal and 


opposite to the other's DVA, and vice versa.” 


As before, it is possible to discretise the above integrals: 


CVA(t) = -LGD- > EPEKt, t) x PD(t-,, t) X [1 — PDp(0, th] 
si (13.8a) 


DVA(t) = —LGDp ` ENE(t, t) x PDp(t_1, t) x [1 EN PD-(O, ti) 
i=1 
(13.8b) 


Note that the CVA above is different from the previously 
defined unilateral CVA (UCVA) in Equation 13.3, and a similarly 
defined unilateral DVA (UDVA), because it contains the survival 
(no default) probability of the party making the calculation given 
by [1 — PDp(0, t,-1)]. This will be discussed in Section 13.3.4. 


SPREADSHEET 13.3 


CVA and DVA calculations. 


Table 13.3 shows BCVA calculations for different interest rate 
swap transactions. In this example, the counterparty’s credit 
quality is worse than the party's own credit quality.'® The con- 
tingent values are smaller, as would be expected, although the 
impact on BCVA (or UCVA + UDVA) is not clear, since both 
individual values decrease but have opposite signs. There is 

a strong asymmetry for BCVA between pay and receive fixed 
swaps due to the skew in the exposure profiles. This causes the 
BCVA of the receive fixed swap to be close to zero due to the 
relatively large DVA, in turn due to the size of ENE. A similar but 
larger effect is seen for off-market swaps: the OTM swap having 
a BCVA which is positive overall. 


Whilst the BCVA price symmetry has some nice theoretical prop- 
erties, it could be questioned to what extent market participants 
would actually price these benefits into transactions. For exam- 
ple, would it be realistic to charge so little for the receive fixed 
swap or to ‘pay through mid’! to step into the OTM swap? 


To understand BCVA price symmetry more easily, consider the 
simple formula in Equation 13.4. An obvious extension including 
DVA is: 


BCVA = —average EPE x Spreadc ~ average ENE x Spreadp 


(13.9) 


17 This assumes that the parties will make the calculations in the same 
way (e.g. models and parameters). 


18 The precise credit curves can be seen in Spreadsheet 13.3. 


1? Meaning giving a better price than the case with no valuation adjust- 
ments, such as an interbank trade. 
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FE) Pe Upfront CVA and DVA Values (in bps) for 10-Year Interest rate Swaps. The Party’s Own Credit Spread 
Is Lower than the Counterparty’s, and Both LGDs Are Assumed to Be 60%. The ITM and OTM Transactions Are 
Based on a Swap Rate of 1%, Instead of the Market Rate of 1.49% 


Pay Fixed Pay Fixed (ITM) Receive Fixed (OTM) 


where the average ENE is similar to the average EPE defined in 
Section 12.1.5. Assuming that average EPE = —average ENE,” 
we obtain BCVA = —EPE x (Spreadc 
could, therefore, charge its counterparty for the difference in its 


Spreadp). A party 


credit spreads (and if this difference is negative, then this party 
should pay their counterparty). Weaker counterparties would 
pay stronger counterparties in order to trade with them based 
on the differential in credit quality. Theoretically, this leads to a 
pricing agreement (assuming parties can agree on the calcula- 
tions and parameters), even when one or both counterparties 
have poor credit quality. Practically, there are concerns with 
such an approach, based on the arguments in Section 13.3.2. 


13.3.4 Close-Out and Default Correlation 


The above discussion and formulas for BCVA ignored or simpli- 
fied three important and interconnected concepts: 


e Survival adjustment. UCVA and UDVA are defined without 
reference to the survival probability of the other party, whilst 
CVA and DVA include survival probabilities. On one hand, 
it seems that the first-to-default effect—in that the underly- 
ing contracts will cease when the first party defaults and 
therefore there should be no consideration of the second 
default—would justify the inclusion of survival probabilities. 
However, this leads to CVA having sensitivity to a party’s own 
credit quality, which may be seen as unnatural. Regulation 
may also prohibit doing this (Section 13.3.1). 


e Default dependency. Related to the above, the default 
dependency between the party and its counterparty is not 
included. If such a dependency is significant, then this would 
be expected to change the CVA and DVA terms (the formulas 
above assume that the defaults are independent). 


20 This is sometimes a reasonable approximation in practice, especially 
for a collateralised relationship, but we will discuss the impact of asym- 
metry below. 


e Close-out. Finally, as discussed in Section 12.1.2, the defini- 
tions of EPE and ENE are typically based on standard valu- 
ation assumptions and do not reflect the actual close-out 
assumptions that may be relevant in a default scenario. In 
other words, in the event of a default, it is assumed that the 
underlying transactions will be settled at their base values 
(Section 10.3.4) at the default time, which is inconsistent with 
the reality of close-out that may reference actual values. For 
example, as discussed in Section 10.3.5, the 2002 ISDA docu- 
mentation specifies that the claim ‘may take into account the 
creditworthiness of the Determining Party,’ which seems to 
suggest that CVA/DVA may be a part of the close-out value 
and therefore should change EPE/ENE. 


The above points have been studied by various authors. Gregory 
(2009a) shows the impact of survival probabilities and default 
correlation on BCVA, but in isolation of any close-out consider- 
ations. Brigo and Morini (2010) consider the impact of close-out 
assumptions in the unilateral (i.e. one-sided exposure) case. 


Not only are close-out assumptions difficult to define, but 
quantification is challenging because it involves including the 
future BCVA at each possible default event in order to eventu- 
ally determine the current BCVA. This creates a difficult recur- 
sive problem. Brigo and Morini (2010) show that, for a loan, 
the expectation that DVA can be included in the close-out 
assumptions (‘risky close-out’) leads to cancellation, with the 
survival probability of the party making the calculation. This 
means that the formula in Equation 13.8a without the survival 
probability term is correct in a one-sided situation with risky 
close-out. Gregory and German (2013) consider the two-sided 
case and find that a simple result does not apply, but that the 
bilateral formulas used in Equations 13.8a and 13.8b without 
survival probabilities are probably the best approximation in the 
absence of a much more sophisticated approach. 


Generally, most market participants do not follow a more 
advanced approach and simply include survival probabilities 
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(or not) directly. For example, in an Ernst & Young Survey in 
2012,7' six out of 19 respondents report making CVA and 

DVA ‘contingent’ (survival probability adjusted) and seven 
non-contingent, with the remainder not reporting DVA at the 
time. Anecdotal evidence seems to suggest that there is still a 
mix between participants that use contingent or non-contingent 
calculations. As discussed in Section 10.3.4, this problem is not 
specific to CVA and DVA, but is a general consideration for any 
xVA term. 


13.3.5 The Use of DVA 


The issue of DVA in counterparty risk is part of a broader issue: 
the general incorporation of credit risk in liability measure- 
ment. Accountancy standards have generally evolved to a point 
where ‘own credit risk’ can (and should) be incorporated into 
the valuation of liabilities. For example (relevant for the US), the 
Financial Accounting Standards Board (FASB) issued Statement 
of Financial Accounting Standards (SFAS) 157 in 2006 (which 
became effective in 2007), relating to fair value measurements. 
This permits a party’s own credit quality to be included in the 
valuation of its liabilities, stating ‘The most relevant measure of 
a liability always reflects the credit standing of the entity obliged 
to pay.’ Amendments to IAS 39 by the International Account- 
ing Standards Board (IASB) in 2005 (relevant for the European 
Union) also concluded that the fair value of a liability should 
include the credit risk associated with that liability. This position 
was reinforced with the introduction of IFRS 13 from the begin- 
ning of 2013. 


DVA was a very significant question for banks in the years fol- 
lowing the global financial crisis, since their own credit risk (via 
credit spreads) experienced unprecedented volatility. Banks 
reported massive swings in accounting results as their credit 
spreads widened and tightened. Articles reporting such swings 
did not seem to take them seriously, making statements such as: 


The profits of British banks could be inflated by as much 
as f4bn due to a bizarre accounting rule that allows them 
to book a gain on the fall in the value of their debt.?? 


[DVA is] a counter-intuitive but powerful accounting 
effect that means banks book a paper profit when their 


own credit quality declines.” 


21 Ernst & Young (2012). CVA Survey. www.ey.com. 


22 Wilson, H. (2011). Banks’ profits boosted by DVA rule. Daily Telegraph 
(31 October). www.telegraph.co.uk. 


z Wright, W. (2011). Papering Over the Great Wall St Massacre. Finan- 
cial News (26 October). www.fnlondon.com. 


There is logic to the use of DVA on own debt, since the fair 
value of a party's own bonds is considered to be the price that 
other entities are willing to pay for them. However, it is ques- 
tionable whether a party would be able to buy back its own 
bonds without incurring significant funding costs. It therefore 
became typical for equity analysts to remove DVA from their 
assessment of a company’s ongoing performance, with the view 
that DVA is no more than an accounting effect and of no interest 
to shareholders. 


DVA in derivatives has probably received more scrutiny than that 
in own debt since derivatives valuation has received much atten- 
tion and is based on rigorous hedging arguments. The criticism 
of DVA stems mainly from the fact that it is not easily realisable 
(Gregory 2009a). Other criticisms include the idea that the gains 
coming from DVA are distorted because other components are 
ignored. For example, Kenyon (2010) makes the point that if 
DVA is used, then the value of goodwill (which is zero at default) 
should also depend on a party's own credit quality. Losses in 
goodwill would oppose gains on DVA when a party’s credit 
spread widens. 


This debate really hinges on to what extent a party can ever realise 
a DVA benefit. Some of the arguments made in support of DVA 
have proposed that it can be monetised in the following ways: 


e Defaulting. A party can obviously realise DVA by going bank- 
rupt but, like an individual trying to monetise their own life 
insurance, this is a clearly not a very good strategy. 


e Unwinds and novations. A party unwinding, novating, or 
restructuring a transaction might claim to recognise some of 
the DVA benefits since they are paid out via a CVA gain for 
the counterparty. For example, monolines derived substantial 
benefits from unwinding transactions with banks,?* represent- 
ing large CVA-related losses for the banks and associated 
DVA gains for the monolines. The monoline MBIA monetised 
a multibillion-dollar derivatives DVA in an unwind of trans- 
actions with Morgan Stanley.?® However, these examples 
occurred since the monolines were so close to default that 
the banks preferred to exit transactions prior to an actual 
credit event. The banks would have been much less inclined 
to unwind in a situation where the monolines’ credit qual- 
ity had not been so dramatically impaired. Furthermore, if a 
transaction is unwound, then it would generally need to be 


24 Due to there being different accountancy standards for insurance 
companies, the monolines did not see this gain as a DVA benefit. 


2 Rappaport, L. (2011). MBIA and Morgan Stanley settle bond fight. 
Wall Street Journal (14 December). www.wsj.com. Although MBIA paid 
Morgan Stanley $1.1bn, the actual amount owed (as defined by Morgan 
Stanley's exposure) was several billion dollars. The difference can be 
seen as a DVA benefit gained by MBIA in the unwind, although MBIA 
may not have seen it like this. 
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replaced. All things being equal, the CVA charged on the 
replacement transactions should wipe out the DVA benefit 
from the unwind. 


e Close-out process. As discussed above (Section 13.3.4), 
another way to realise DVA might be in the close-out process 
in the event of the default of the counterparty. In the bank- 
ruptcy of Lehman Brothers, these practices have been com- 
mon, although courts have not always favoured some of the 


large DVA (and other) claims.2° 


e Hedging. An obvious way to attempt to monetise DVA is via 
hedging. The obvious hedging for CVA is to short the coun- 
terparty’s credit risk. This can be accomplished by shorting 
bonds or buying CDS protection. It is possible that neither 
of these may be achievable in practice, but they are theoreti- 
cally reasonable ways to hedge CVA. The CVA (loss) is mon- 
etised via paying the carry in the repo transaction (to finance 
the bond purchase) or the premiums in the CDS protection 
position. However, in order to hedge DVA, a party would 
need to go long its own credit risk. This could be achieved 
by buying back one’s own bonds, which requires funding, or 
by selling CDS protection referencing one’s own credit risk 
(which is not possible). An alternative is, therefore, to sell 
protection on similar correlated credits. This clearly creates a 
major problem as banks would attempt to sell CDS protec- 
tion on each other, and it is also inefficient to the extent that 
the correlation is less than 100%. An extreme example of 
the latter problem was that some banks had sold protection 
on Lehman Brothers prior to their default as an attempted 
‘hedge’ against their DVA. 


Most of the above arguments for monetising DVA are fairly 
weak. It is therefore not surprising that (although not mentioned 
in the original text), the Basel Committee (BCBS 2011d) deter- 
mined that DVA should be derecognised from the CVA capital 
charge. This would prevent a more risky bank having a lower 
capital charge by virtue of DVA benefits opposing CVA losses. 
This is part of a more general point with respect to the Basel III 
capital charges focusing on a regulatory definition of CVA and 
not the CVA (and DVA) defined from an accounting standpoint. 
Even accounting standards have recognised problems with DVA 
with the FASB—for example, determining that DVA gains and 
losses be represented in a separate form of earnings known as 
‘other comprehensive income’. 


ah PricewaterhouseCoopers (2017). Lehman Brothers International 
(Europe)—In Administration. Joint Administrators’ eighteenth progress 
report, for the period from 15 March 2017 to 14 September 2017 (9 
October). www.pwe.com. 


27 Either because it is illegal or because of the extreme WWR it will cre- 
ate (Section 13.6.5), meaning that no party should be willing to enter 
such a trade except at a very low premium. 
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Partially 


To be implemented 


| No 


GMESEREI Market practice around including DVA 


in pricing. Source: Deloitte/Solum CVA Survey (2013). 


Market practice has always been somewhat divided over the 
inclusion of DVA in pricing, as shown in Figure 13.11, with many 
banks giving some, but not all, of the DVA benefit in pricing 
new transactions. Even those quoting that they ‘fully’ include 
DVA would not do this on all transactions (an obvious exception 
being where the DVA is bigger than the CVA and they would 
not pay through mid). Anecdotally, most banks’ submissions to 
the Totem consensus pricing can be clearly seen to contain no 
DVA component (although they do contain FVA). 


Market practice has generally resolved the debate over DVA by 
considering it a funding benefit. Indeed, in the hedging argu- 
ment above, buying back one’s own debt could be seen as a 
practical alternative to the obviously flawed idea of selling CDS 
protection on one’s own credit. However, buying back debt 
clearly requires that it is first issued, creating a link to funding 
which must, therefore, be considered. More broadly, it can be 
shown that different ‘strategies’ give rise to different valuation 
adjustments. Whilst there are strategies that support the use of 
DVA, these are hard to justify as being economically realistic. 


When FVA is considered, it is possible to see DVA as a funding 
benefit. 


13.4 CVA ALLOCATION 


Risk mitigants, such as netting and margin, reduce CVA, but this 
can only be quantified by a calculation at the netting set level. It 
is, therefore, important to consider the allocation of CVA to the 
transaction level for pricing and valuation purposes. This, in turn, 
leads to the consideration of the numerical issues involving the 


running of large-scale calculations rapidly. 
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13.4.1 Incremental CVA 


When there is a netting agreement, the impact will reduce CVA 
and cannot increase it (this arises from the properties of netting 
described in Section 11.3.1). It follows that, for a netting set (a 
group of transactions with a given counterparty under the same 
netting agreement): 


N 
GV AN = SCV AM 
i=1 


(13.10) 


where CV A^S is the total CVA of all transactions under the 
netting agreement and CV A;* is the standalone CVA for 
transaction | (i.e. computed in isolation). The above effect 

(CVA becoming less negative) can be significant, and the 
question then becomes how to allocate the netting benefits to 
each individual transaction. Note that these netting benefits 
constitute a portfolio effect and will be strong for balanced and 
offsetting portfolios and weaker for directional portfolios. 


The most obvious way to allocate the portfolio netting effect 

is to use the concept of ‘incremental CVA’, analogous to the 
incremental EPE. Here the CVA as a result of any trading 
behaviour (most obviously a new transaction) is calculated based 
on the incremental effect this transaction has on the netting set: 


CV AMA = CVA = CV AMN (13.11) 


where CV AMS and CV AN” represent the (portfolio) CVA before 
and after the change, respectively, and CV pars represents 
the incremental effect of that change. The above formula 
ensures that the CVA of a new transaction is represented by 

its contribution to the overall CVA at the time it is executed. 
Hence, it makes sense when CVA needs to be charged to indi- 
vidual salespeople, traders, businesses, and, ultimately, clients. 
CVA depends on the order in which transactions are executed, 
but does not change due to subsequent transactions. An xVA 
desk charging this amount will directly offset the instantaneous 
impact on its total CVA from the change in CVA as a result of 
the new transaction. Note that Equation 13.11 may not only cor- 
respond to new transactions but also to: 


e unwinding; 

e restructuring transactions; and 

e changes to contractual terms (e.g. margin agreements). 

The above situations are all cases where it may be necessary to 


charge (or refund) a counterparty for the change in CVA, and 
where the incremental calculation is relevant. 


It is possible to derive the following fairly obvious and intuitive 
formula for incremental CVA: 


CV AN I= — LGD > EPES =N (tt) X POG, wi (13112) 


i=1 


which is the same as Equation 13.5 but with the incremental 
EPE replacing the standalone EPE. This assumes that the 
behaviour in question does not change the PD or LGD of 
the counterparty, which may be debated in some situations 
(e.g. a counterparty undertaking to post more margin may 
be more likely to default, although this would be captured 

in the credit spread). The quantification of incremental EPE 
will require aggregations at the netting set level. For new 
transactions this will just require comparing the netting set 
properties with and without the new transaction, whereas for 
more complex restructurings it will require a full calculation of 
the netting set EPE: 


KNS 


VN (s, t) = X, Vik, s, t) (13.13) 
k=1 


Incremental EPE can be negative, due to beneficial netting 
effects, which will lead to CVA being positive; in such a case, it 
would be a benefit and not a cost (e.g. unwinding a transaction 
would be expected to lead to this effect). 


It is worth emphasising that, due to the properties of EPE 

and netting, incremental CVA in the presence of netting will 
never be lower (more negative) than standalone CVA without 
netting. The practical result of this is that an institution with 
existing transactions under a netting agreement will be likely 
to offer conditions that are more favourable to a counterparty 
with respect to a new transaction. Cooper and Mello (1991) 
quantified such an impact many years ago, showing specifically 
that a bank that already has a transaction with a counterparty 
can offer a more competitive rate on a forward contract. 
Anecdotally, some clients in jurisdictions with debatable 
netting enforceability (Section 10.3.2) may note that they 
only trade with banks who deem netting to be enforceable, 
since the other banks are unable to price in any incremental 
benefits. 


The treatment of netting makes the treatment of CVA a complex 
and often multidimensional problem. Whilst some attempts 
have been made at handling netting analytically (e.g. Brigo 

and Masetti 2005b), CVA calculations incorporating netting 
accurately typically require a general Monte Carlo simulation for 
exposure (EPE) quantification. For pricing new transactions, such 
a calculation must be run more or less in real time. 


An example of incremental CVA is shown in Table 13.4. The 
example is a seven-year EUR payer interest rate swap in 
directional and neutral/offsetting cases. The counterparty 
and party’s own credit spreads are assumed to be 150 bps 
and 100 bps respectively, and an LGD of 60% is assumed 
for both. 
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Incremental BCVA Calculations (bps 
upfront) for a Seven-Year USD Swap Paying Fixed with 
Respect to Different Existing Transactions and Compared 
to the Standalone Value. The Counterparty Credit Curve 
Is Assumed to Be Flat at 150 bps, the Own Credit Curve 
Is 100 bps and Both LGDs Are Equal to 60% 


Neutral/Offsetting 


SPREADSHEET 13.4 


Incremental CVA and DVA calculations. 


Considering CVA or DVA in isolation, the above results are 
expected since the directional case leads to only a small reduc- 
tion (in absolute terms), whilst the reduction in the neutral/ 
offsetting case is much larger. Indeed, incremental DVA changes 
sign in this case, which might be described as offsetting, 
whereas CVA reduces but does not change sign, which might be 
more accurately defined as neutral. 


Note that there is another important feature in this example, 
which is that BCVA does not change substantially due to a can- 
cellation. Indeed, for equal credit spread, BCVA is always the 
same and has no incremental effect. This is analogous to a simi- 
lar result for FVA. 


Another point to emphasise is that the benefit of netting 
seen in incremental CVA of a new transaction also depends 
on the relative size of the new transaction. As the transac- 
tion size increases, the netting benefit is lost, and CVA (or 


—— Incremental == = Standalone 


CVA (bps) 


400% 600% 
Relative size of transaction 


| Figure 13.12 | Incremental CVA (as a spread in bps per 


0% 200% 


annum) for the balanced/risk-reducing case in Table 13.4. 


Illustration of the Breakdown of CVA of 
an Interest Rate Swap (IRS) and Cross-Currency Swap 
(XCCY) via Incremental and Marginal Allocation. The 
Counterparty Credit Curve Is Assumed to Be Flat at 
150 bps, and the LGD Is 60% 


Incremental Incremental 
e First) (IRS First) 


DVA) will approach the standalone value. This is illustrated in 


Figure 13.12, which shows incremental CVA for the seven-year 
swap in the last example, a function of the relative size of this 

new transaction. For a smaller transaction, CVA decreases to a 
lower limit of —6.2 bps, whereas for a large transaction size, it 
approaches the standalone value (—17.9 bps). 


13.4.2 Marginal CVA 


It is possible to define marginal CVA in a similar way by simply 
including marginal EPE in the relevant formula. Marginal CVA 
may be useful to break down CVA for any number of netted 
transactions into transaction-level contributions that sum to total 
CVA. Whilst it might not be used for pricing new transactions 
(due to the problem that marginal CVA changes when new trans- 
actions are executed, implying adjustment to the value of exist- 
ing trades), it may be required for pricing transactions executed 
at the same time (perhaps due to being part of the same deal) 
with a given counterparty.7® Alternatively, marginal CVA is the 
appropriate way to allocate CVA to transaction-level contribu- 
tions at a given time—for example, for accounting purposes. This 
may be useful to give an idea of transactions that could be use- 
fully restructured, novated, or unwound. 


Table 13.5 shows incremental and marginal CVA 
corresponding to the same interest rate swap shown 
in Table 13.4 together with a cross-currency swap. 
DVA results are not shown but can be reproduced in 
Spreadsheet 13.5. 


SPREADSHEET 13.5 


Marginal CVA and DVA calculations. 


1000% 


28 This could also cover a policy where CVA adjustments are 
only calculated periodically and several trades have occurred 
with a given counterparty within that period. 
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Incremental CVA clearly depends very much on the ordering of 
the transactions, with the contribution from the second transaction 
being much smaller. The marginal allocation is more ‘fair’. Clearly, 
the amount of CVA charged can be very dependent on the timing 
of the transaction. This may be problematic and could possibly 
lead to ‘gaming’ behaviour. However, this is not generally prob- 
lematic for two reasons: 


e a given client will typically be ‘owned’ by a single trader or 
salesperson and will, therefore, be exposed only to the total 
charge on a portfolio of transactions (although certain trans- 
actions may appear beneficial at a given time); and 


e most clients will execute relatively directional transactions 
(due, for example, to their hedging requirements) and net- 


ting effects will therefore not be large. 


13.5 IMPACT OF MARGIN 


13.5.1 Overview 


The impact of margin on CVA follows directly from the assess- 
ment of the impact of margin on exposure. As with netting, the 
influence of margin on the standard CVA formula 
given in Equation 13.3 is straightforward: margin 
only changes EPE, and hence the same formula 
may be used with EPE based on assumptions of 
collateralisation. 


Whilst strong collateralisation would imply that 


—— PPE ENE 


It should be noted that the ability to charge collateralised coun- 
terparties for CVA may be limited. Whilst financial end users 
posting margin may still be charged some CVA, it is clearly not 
possible to charge interbank counterparties for the purposes of 
hedging. There is less incentive, therefore, to price collateralised 
CVA for pricing purposes. 


13.5.2 Example 


Figure 13.13 shows CVA for the same pay and receive interest 
rate swaps considered previously, using the aforementioned 
Spreadsheet 13.4, with a classical model for the MPoR. The 
exposure profiles are shown in Figure 13.13 for the pay fixed 
swap and compared to the uncollateralised exposure. Since the 
MPoR modelling assumptions are symmetric, the receive fixed 
swap will be the opposite of this case. The MPoR is assumed to 
be 10 business days. 


Table 13.6 shows CVA and DVA values for uncollateralised and 
collateralised interest rate swaps. Note that the collateralised 
values are more symmetric for pay and receive swaps (this may 


EPE (collateralised) ==== ENE (collateralised) 


CVA would be small and potentially negligible, u 

it has become increasingly common for market = 

participants to model the impact of variation d 

margin, even when thresholds are zero. 

Although the minimum margin period of risk 

(MPoR) of 10 days applies only for regulatory ~15 

capital purposes, it has become standard across 

other CVA calculations, such as for accounting a 

purposes. Whilst margining may reduce CVA fins years) 

significantly, this reduction is not as strong as | Figure 13.13, Incremental CVA (as a spread in bps per annum) for 


might be thought. Furthermore, whilst CVA to 
‘collateralised counterparties’ may be materially 
reduced, an institution may have more of such 
counterparties and/or bigger portfolios with them. 


As an illustration of the above, consider the results 
in Figure 9.4 in Chapter 9. The bank in question has 
a material CVA to banks and ‘other financial institu- 


tions’, even though most of these counterparties CVA 
would be expected to be strongly collateralised. It is = 
therefore important to model the impact of margin 

BCVA 


on CVA. 


the balanced/risk-reducing case in Table 13.4. 


LE) JCHEXJ Upfront CVA and DVA Values (in bps) for 10-Year 
Uncollateralised and Collateralised Interest Rate Swaps 


Pay Fixed Receive Fixed 
Uncollateralised Collateralised Uncollateralised Collateralised 
—28.9 =3.0 =]66 =3.2 

7.4 es 13.2 les 
=21.5 =1.5 =35 =] 
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not be the case when more advanced modelling of cash 
flows is done. The simple formula of the reduction in 
CVA (via EPE) due to collateralisation would be about 
8.4 times.?? CVA reduction of the pay fixed swap (or 
DVA of the receive fixed swap) is better than this due to 
the positive skew of EPE. CVA reduction of the receiver 
swap is lower due to the negative skew. 


CVA (bps) 


The fact that BCVA is small for collateralised transac- 
tions may provide some comfort as it may be difficult 
to charge such costs in these situations (e.g. interbank 
transactions). 


However, note that the DVA calculation for collateralised 
counterparties is potentially even more controversial than 
for uncollateralised cases. This is because it stems from 
the implicit assumption that, 10 days prior to a party's 
own default, they would cease to make margin payments 
and this would, in turn, lead to a benefit. Even if present, 
this benefit would only be experienced by bondholders, 
for whom the margin not returned would enhance their 


recovery rate. 


13.5.3 Initial Margin 


The initial margin will reduce exposure—and therefore CVA/ 
DVA—towards zero. Figure 13.14 illustrates this for CVA by 
showing the impact of a fixed initial margin or threshold.*° 
Note that a threshold can be seen to be a negative initial 
margin and vice versa. For high thresholds, CVA tends to the 
uncollateralised value, whilst for high initial margin it tends to 
zero. The modelling of dynamic initial margins is a complex 
undertaking. Given that CVA in the presence of initial margin 
should be small, the degree of complexity that is warranted 
in order to calculate this is not clear. In terms of accounting 
CVA, it may be that parties argue that where a high coverage 
of initial margin is held, CVA can be assumed to be zero. 
Alternatively, a party may ignore the benefit of initial margin, 
which will lead to a material CVA but avoid the complexity of 
the calculation. 


Note that any initial margin posted would not show up in any 
of the above calculations as long as it is segregated. However, 
it will represent a cost from the point of view of margin value 
adjustment (MVA) (Chapter 20). 


29 Using an MPoR of 10 days and a maturity of 10 years, and assuming 
250 business days in a year, this comes from & x V10 x 3 = 8.4. 


WA one-way margin agreement in favour of the party in question is 
assumed. 


— Collateralised =-=- Uncollateralised 


10% 


Initial margin / threshold 


GEMckERLY Impact of the initial margin and threshold 


(negative values) on the CVA of a 10-year receiver interest rate 
swap with an MPoR of 10 business days. 


13.5.4 CVA to CCPs 


Episodes such as the recent Nasdaq default provide a reminder 
that central counterparties (CCPs) are risky. Of particular note is 
the fact that clearing members can make losses as a result of their 
default fund contributions, even if the CCP itself is not insolvent. 
Such default fund exposure would suggest that clearing members 
should attempt to quantify their CVA to a CCP. This is also in line 
with the fact that default fund-related capital requirements are 
relatively high (Section 13.6.3), reflecting this risk. 


Nowadays, CVA is generally calculated for all counterparties, 
even those that are strongly collateralised (for example, see 
Figure 9.4), but the calculation of CVA to CCPs is not standard. 
However, it would seem that this is likely to become more rou- 
tine, given the increasing use of CCPs and awareness of the risk. 
Accountants may also require such CVA calculations given the 
likely materiality of the numbers. 


However, the calculation of CVA to a CCP is a very challenging 
problem since the underlying parameters for CVA—namely PD, 
EPE, and LGD—are hard to determine. In order to determine 
these inputs, the follow points need to be quantified. 


e Default probability. This is the probability of one or more 
defaults amongst the other clearing members of the CCP. 
This would require the assessment of many different credit 
spread curves together with—in theory—assumptions regard- 
ing the dependency between the defaults. CVA will also be 
sensitive to the LGD used to imply default probability, since it 
will not cancel as it does in more traditional CVA calculations. 


e Total exposure. In the event of one or more defaults, it would 
be necessary to determine the potential total loss in excess 
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of the defaulter-pays resources. Note that the initial margin 

and default fund contributions of each individual member are 
generally not known, although there may be CCP disclosures 
regarding the aggregate amounts. Since CCP initial margins 
are taken to a high coverage, this may be expected to be small. 
However, the possibility of extreme market moves and difficulty 
in auctioning portfolios can create potentially large losses, as in 
the aforementioned Nasdaq case. It is not clear how—or if—it 
would be possible to model the likely efficiency of an auction. 


e Allocation of exposure. Even knowing the total loss in a 
default fund, it would be necessary to estimate the pro- 
portion of this loss that would be experienced by a given 
clearing member. Methods such as rights of assessment are 
usually based on a pro rata allocation which is predictable. 
However, the possibility for heterogenous allocation via the 
use of auction incentive pools or other loss-allocation meth- 
ods, such as variation margin gains haircutting, further com- 
plicates this. 


e LGD. The assessment of any recovery of losses will also be 
extremely difficult. 


Another important consideration is the meaning of the CVA 
value to a given CCP. CVA, being an expected loss, is relevant in 
the event that the exposure is part of a diversified portfolio and/ 
or is hedgeable. It could be argued that CVA to a CCP does not 
meet either of these criteria as there are few CCPs and a clear- 
ing member may have a material CVA to a given CCP that can 
be neither diversified nor hedged. 


Regarding the computation of CVA to a CCP, Arnsdorf (2019) has 
proposed a simple approach based on the posted initial margin of 
the clearing member (and therefore not requiring detailed infor- 
mation about the structure of the CCP). This assumption holds if 
default fund requirements are linked to initial margin requirements 
and also if default fund losses are allocated homogenously, both of 
which are approximately true. Arnsdorf also proposed to use the 
credit spreads of the other clearing members to calculate default 
probabilities, and extreme value theory to calculate EPE based on 
the distribution of losses above the defaulter-pays resources. 


13.6 WRONG-WAY RISK 


13.6.1 Overview 


So far, this chapter has described the calculation and compu- 
tation of CVA under the commonly-made simplification of no 
WWR, which assumes that EPE, PD, and LGD are not related. 


a Karagiannopoulos, L. (2018). Clearing members warn recovering 
money after Nasdaq deal could take a long time. Reuters (16 Novem- 
ber). www.reuters.com. 


WWR is the phrase generally used to indicate an unfavourable 
dependence between exposure (EPE) and counterparty credit 
quality: the exposure is high when the counterparty is more 
likely to default, and vice versa. Such an effect would have a 
clear impact on CVA and DVA. Moreover, certain WWR features 
can also apply to other situations and impact other xVA terms 
through dependencies related to collateral, funding, and other 
factors. WWR is difficult to identify, model, and hedge due to 
the often subtle macro-economic and structural effects that 


cause it. 


Whilst it may often be a reasonable assumption to ignore WWR, 
its manifestation can be potentially dramatic. In contrast, ‘right- 
way’ risk can also exist in cases where the dependence between 
exposure and credit quality is a favourable one. Right-way situa- 
tions will reduce CVA. 


Losses due to WWR have also been clearly illustrated. For 
example, many dealers suffered heavy losses because of WWR 
during the Asian crisis of 1997/1998. This was due to a strong 
link between the default of sovereigns and of corporates and a 
significant weakening of their local currencies. A decade later 
(starting in 2007), the global financial crisis caused heavy WWR 
losses for banks buying insurance from so-called monoline insur- 


ance companies. 


WWR is often a natural and unavoidable consequence of finan- 
cial markets. One of the simplest examples is mortgage provid- 
ers who, in an economic recession, face both falling property 
prices and higher default rates by homeowners. In derivatives, 
classic examples of trades that obviously contain WWR across 
different asset classes are: 


e Put option. Buying a put option on a stock (or stock index) 
where the underlying reference in question has fortunes that 
are highly correlated to those of the counterparty is an obvi- 
ous case of WWR (e.g. buying a put on one bank's stock from 
another bank). Correspondingly, equity call options should 
be right-way products. 


e FX forward or cross-currency products. Any foreign exchange 
(FX) contract should be considered in terms of a potential 
weakening of the currency and simultaneous deterioration in 
the credit quality of the counterparty. This would obviously 
be the case in trading with a sovereign and paying its local 
currency in an FX forward or cross-currency swap (or, more 
likely in practice, hedging this trade with a bank in that same 
region). Another way to look at a cross-currency swap is that 
it represents a loan collateralised by the opposite currency 
in the swap. If this currency weakens dramatically, the value 
of the ‘margin’ is strongly diminished. This linkage could be 
either way: first, a weakening of the currency could indicate 


a slow economy and hence a less profitable time for the 
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LEIJCKHENA Characteristics of General and Specific WWR 


General WWR Specific WWR 


Based on macro-economic behaviour Based on structural relationships that are often not captured via real-world experience 


Hard to detect except by a knowledge of the relevant market, the counterparty, and 
the economic rationale behind their transaction 


Relationships may be detectable using 
historical data 


Potentially can be incorporated into 
pricing models 


Difficult to model and dangerous to use naive correlation assumptions; should be 
addressed qualitatively via methods such as stress testing 


Should be priced and managed correctly | Should, in general, be avoided as it may be extreme 


counterparty. Alternatively, the default of a sovereign, finan- 
cial institution, or large corporate counterparty may itself 


precipitate a currency weakening. 


e Interest rate products. Here it is important to consider a rela- 
tionship between the relevant interest rates and the credit 
spread of the counterparty. A corporate paying the fixed rate 
in a swap when the economy is strong may represent WWR 
for a bank receiving fixed, since interest rates would be likely 
to be cut in a recession. On the other hand, during an eco- 
nomic recovery, interest rates may rise and so paying fixed 


may represent a right-way situation. 


e Commodity swaps. A commodity producer (e.g. a mining 
company) may hedge the price fluctuation to which it is 
exposed with derivatives. Such a contract should represent 
right-way risk since the commodity producer will only owe 
money when the commodity price is high, when the business 
should be more profitable. The right-way risk arises due to 
hedging (as opposed to speculation). 


e Credit default swaps. When buying protection in a CDS con- 
tract, the exposure will be the result of the reference entity's 
credit spread widening, and the default probability will be 
linked to the counterparty’s credit spread. In the case of a 
strong relationship between the credit quality of the reference 
entity and the counterparty, clearly there is extreme WWR. 

A bank selling protection on its own sovereign would be an 
obvious problem. On the other hand, with such a strong rela- 
tionship, selling CDS protection should be a right-way trade. 


There is also empirical evidence supporting the presence of 
WWR. Duffee (1998) describes a clustering of corporate defaults 
during periods of falling interest rates, which is most obviously 
interpreted as a recession, leading to both low interest rates 
(due to central bank intervention) and a high default rate envi- 
ronment. This has also been experienced in the last few years by 
banks on uncollateralised receiver interest swap positions, which 
have moved ITM together with a potential decline in the finan- 
cial health of the counterparty (e.g. a sovereign or corporate). 
This effect can be seen as WWR creating a ‘cross-gamma’ effect 


via the strong linkage of credit spreads and interest rates, even 
in the absence of actual defaults. Regarding the FX example 
above, results from Levy and Levin (1999) look at residual cur- 
rency values upon default of the sovereign and find average 
values ranging from 17% (triple-A) to 62% (triple-C). This implies 
the amount by which the FX rate involved could jump at the 
default time of the counterparty. 


Regulators have identified characteristics of both general (driven 
by macro-economic relationships) and specific (driven by causal 
linkages between the exposure/margin and default of the coun- 
terparty) WWR, which are outlined in Table 13.7. 


Specific WWR is particularly difficult to quantify since it is not 
based on any macro-economic relationships and may not be 
expected to be part of historical or market-implied data. For 
example, in 2010, the European sovereign debt crisis involved 
deterioration in the credit quality of many European sovereigns 
and a weakening of the euro. However, historical data did not 
bear out this relationship, largely since neither most of the sov- 
ereigns concerned nor the currency had ever previously been 
subject to any strong adverse credit effects. 


13.6.2 Quantification of WWR in CVA 


Incorporation of WWR in the CVA formula is probably most 
obviously achieved by simply representing the exposure con- 
ditional upon the default of the counterparty. For example, in 
the path-wise formula, this would simply involve replacing EPE 
in Equation 13.3 with EPE(t, tilti = rc), which represents EPE at 
time t; conditional on this being the counterparty default time 
(tc). This approach supports approaching WWR quantification 
heuristically by qualitatively assessing the likely increase in the 
conditional—compared to unconditional—exposure. An exam- 
ple of a qualitative approach to WWR is in regulatory capital 
requirements and the alpha factor (Section 13.4.5). A conserva- 
tive estimate for alpha, together with the requirement to use 
stressed data in the estimation of the exposure, represents a 
regulatory effort partially to capitalise general WWR. 
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The relationship between EPE and counterparty 
default is expressed using a single correlation 


parameter. This correlation parameter is rather 7 
abstract, with no straightforward economic 19% 4 
intuition, but it does facilitate a simple way of 16% 7 
quantifying and understanding WWR. 14% 4 
12% 4 

B 10% 

Simple wrong-way risk example. a | 
Figure 13.15 shows the impact of wrong-way 4% + 
(and right-way) risk on EPE. With 50% correla- 2% 
tion, WWR approximately doubles the expected 0% ' i ' ' È : , 
positive exposure (EPE), whilst with -50% cor- 0 1 -= 3 4 5 6 7 8 9 10 
relation, the impact of right-way risk reduces Time (years) 
it by at least half. This is exactly the type of Figure 13.15 | Illustration of wrong-way and right-way risk exposure 


behaviour that is expected: positive correlation 
between the default probability and exposure 
increases conditional EPE (default probability 

is high when exposure is high), which is WWR. 
Negative correlation leads to smaller EPE and so- 
called right-way risk. 


The size of EPE will now depend on the counter- 
party default probability. Figure 13.16 shows EPE 
for differing counterparty credit quality, showing 
that the exposure increases as the credit quality 
of the counterparty increases. This result might 
at first seem counterintuitive, but it makes sense 
when one considers that for a better credit qual- 
ity counterparty, default is a less probable event 
and therefore represents a bigger shock when it 
occurs. We note an important general conclusion, 


profiles using a simple model with correlations of 50% and -50%, 
respectively. 


=---- Intermediate Weak 


0 1 2 3 4 5 6 7 8 9 10 


which is that WWR increases as the credit quality 
; Time (years) 
of the counterparty increases. 
CPMZSERIĄ Illustration of exposure under the assumption of 


A more sophisticated approach to modelling 
the relationship between default probability 
and exposure will be harder to achieve and may 


introduce computational challenges. At a high level, there are a 


number of problems in doing this, which are: 


WWR for different credit quality counterparties. 


is measured as zero, then this does not prove that they are 


independent. 3? 


e Direction. The direction of WWR may not be clear. For exam- 


e Uninformative historical data. Unfortunately, WWR may be ple, low interest rates may typically be seen ina recession, 


subtle and not revealed via any empirical data, such as a his- 
torical time series analysis of correlations. 


Misspecification of relationship. The way in which the depen- 


when credit spreads may be wider and default rates higher. 
However, an adverse credit environment where interest rates 
are high is not impossible. 


dency is specified may be inappropriate. For example, rather 
than being the result of a correlation, it may be the result m ; oa 

A classic example of this is as follows. Suppose a variable X follows a 
normal distribution. Now choose Y = X*.X and Y have zero correlation 
but are far from independent. 


of causality—a cause-and-effect-type relationship between 


two events. If the correlation between two random variables 
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13.6.3 Wrong-Way Risk Models 


An obvious modelling technique for WWR is to intro- 
duce a stochastic process for the credit spread and 
correlate this with the other underlying processes 
required for modelling exposure. A default will be 
generated via the credit spread (‘intensity’) process, 
and the resulting conditional EPE will be calculated 
in the usual way in either a path-wise or direct 
implementation (but only for paths where there has 
been a default). This approach can be implemented 
relatively tractably, as credit soread paths can be 
generated first, and exposure paths need only be 
simulated in cases where a default is observed. The 
required correlation parameters can be observed 
directly via historical time series of credit spreads 
and other relevant market variables.°? This will be 
referred to as the intensity approach. 


SPREADSHEET 13.7 


Direct simulation of wrong-way risk 
for an interest rate swap. 


This approach is illustrated for the interest rate swap. 
Using a lognormal model for credit spreads cor- 
related to the interest rate process, the exposure 
conditional on default in Equation 13.3 is calculated. 
Figure 13.17 shows the swap values generated con- 
ditional on default for high positive and negative 
correlations. 


Since this is a swap paying the fixed rate, a positive 
correlation with credit spreads leads to interest rates 
being higher in default scenarios, leading to a higher 
positive exposure (WWR). For a negative correla- 
tion, the negative exposure increases (right-way risk). 
The relationship between changes in interest rates 


and default rates has been empirically shown to be generally 


negative.*4 


Note that the above approach can be seen to generate only 
weak dependence between exposure and default, given that 
the correlations used are close to their maximum and minimum 
values. Hence, whilst this approach is the most obvious and easy 
to implement, it may underestimate the true WWR effect. 


33 Noting that the credit spread may be determined by some proxy or 
generic curve, in which case this historical time series should be used. 


Longstaff and Schwartz (1995), Duffee (1998), and Collin-Dufresne 


et al. (2001). 
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Future values of the swap with 90% (top) and -90% 
(bottom) correlation between credit spreads and interest rates. The 
potential future exposure (5% and 95%) is shown by the dotted 
black lines, and EPE and ENE are shown by the solid black lines. 


An even simpler and more tractable approach to general WWR 
is to specify a dependence directly between the counterparty 
default time and the exposure distribution, illustrated in 

Figure 13.18 (for example, see Garcia-Cespedes et al. 2010). In 
this ‘structural approach’, the exposure and default distributions 
are mapped separately onto a bivariate distribution. Positive 
(negative) dependency will lead to an early default time being 
coupled with a higher (lower) exposure, as is the case with 
WWR (right-way risk). Note that there is no need to recalculate 
the exposures as the original unconditional values are sampled 
directly. The advantage of this method is that pre-computed 
exposure distributions are used, and WWR is essentially added 
on top of the existing methodology. However, this is also a 
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A 


Bivariate distribution 
exposure 


— , 


Mapped to 
default time 


Default 


Mapped to 


CGMESERIJ Illustration of the structural approach to modelling general 


WWR, assuming some underlying bivariate distribution. 


disadvantage since it may not be appropriate to assume that all 
the relevant information to define WWR is contained within the 
unconditional exposure distribution. 


SPREADSHEET 13.8 


Exposure distribution using a Gaussian copula 
approach. 


Figure 13.19 shows EPE of the payer swap with a structural 
model and a correlation of 50%, and compared to an intensity 
model with the same correlation. 


Figure 13.20 shows CVA as a function of correlation for 
the intensity and structural approaches. Whilst both 
approaches produce a qualitatively similar result, with 
higher CVA for negative correlation, the effect is much 
stronger in the structural model. 


The big drawback with the structural model is that the 
correlation parameter described above is opaque and, 
therefore, difficult to calibrate. Discussion and correla- 
tion estimates are given by Fleck and Schmidt (2005) and 
Rosen and Saunders (2010). More complex representa- 


Exposure metric 


tions of this model are suggested by Iscoe et al. (1999) 
and De Prisco and Rosen (2005), where the default pro- 
cess is correlated more directly with variables defining 
the exposure. Estimation of the underlying correlations is 
then more achievable. 


One other possible approach to WWR is a more direct, 
parametric one. For example, Hull and White (2011) have 
proposed linking the default probability parametrically 


to the exposure using a simple, functional relationship. They 
suggest using either an intuitive calibration based on a what-if 
scenario, or calibrating the relationship via historical data. This 
latter calibration would involve calculating the portfolio value 
for dates in the past and examining the relationship between 
this and the counterparty’s credit spread. If the portfolio has 
historically shown high values together with larger than aver- 
age credit spreads, then this will indicate WWR. This approach 
obviously requires that the current portfolio of trades with the 
counterparty is similar in nature to that used in the historical cali- 
bration, in addition to the historical data showing a meaningful 
relationship. 


==> = No WWR 


WWR (Intensity) 


— WWR (Structural) 


2 “4 6 8 10 
Time (years) 


GPMZSEXIJ EPE of a payer interest rate swap calculated 


with WWR using intensity and structural models, each with a 
correlation of 50%. 
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—@— Intensity —e— Structural 
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aCA CVA as a function of the correlation between 


counterparty default time and exposure. 


13.6.4 Jump Approaches 


Jump approaches for WWR may be more realistic, especially in 
cases of specific WWR. For example, this has been clearly shown 


A simple jump approach was first proposed by 
Levy and Levin (1999) to model FX exposures with 
WWR. This assumes that the relevant FX rate jumps 
at the counterparty default time, as illustrated in 
Figure 13.22. 


The nature of implied jumps related to sovereign 
defaults has been well characterised. Levy and 
Levin (1999) used historical default data on sover- 
eigns and showed that the implied jump is larger 
for better-rated sovereigns—for example, 83% for 
AAA and 27% for BBB sovereigns. This is probably 
because their default results in or is caused by a 
more severe financial shock and the conditional FX 
idii rate, therefore, should move by a greater amount. 
For example, a default of a large corporation 
should be expected to have quite a significant 


IEL CHES:J CDS Quotes (Mid-Market) for Italian 
Sovereign Protection in Both US Dollars and Euros, 
from April 2011 


to be relevant for FX examples where the CDS market gives Maturity (years) O= uD O| EUR 

some clear indication of the nature of FX WWR. Most CDSs are 1 35 

quoted in US dollars, but sometimes simultaneous quotes can 2 ev) 

be seen in other currencies. For example, Table 13.8 shows the 3 ee 63 

CDS quotes for Italian sovereign protection in both US dollars 

and euros. These CDS contracts should trigger on the same 2 is 

credit event definitions, and thus the only difference between È A 

them is the currency of cash payment on default. There is a large / 137 ?7 

‘quanto’ effect, with euro-denominated CDSs being cheaper by 10 103 

around 30% for all maturities. 

Figure 13.21 shows the historical evolution of the —— USD —— JPY 

Japanese sovereign quanto basis, which also shows a 

a considerable difference between the price of CDS 

protection purchased in US dollars and Japanese a 

yen. The CDS market, therefore, allows WWR effect A 60 

in currencies to be observed and potentially also 2 50 

hedged. S 40 

The above data seem to suggest that the relation- & 30 - 

ship involved is a causal one and the FX rate ‘jumps’ 5 20 

around the time of a sovereign default. Indeed, it 

has been shown (Ehlers and Schonbucher 2006) that 105 

an intensity-type modelling approach, such as that 0 a a a a SD a 

described in Section 13.6.3, is not able to match o> > òo òo o 6 6 6 o o 6 o Sb D 
N N N N N N N N N N N N N N 

the CDS data. In such an approach, there would be 2 9 § § 2 8 5 § 2 9 5 § 2 g 

a correlation between the FX rate and the credit aon A 8 Oo mo eo Oo eS Ul 

spread, but the effect that this produces is generally | Figure 13.21 | The Japan sovereign quanto basis for the dollar-yen 


not strong enough, even with +/-100% correlation. 
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FX rate 


Devaluation 


Default 


GPE?) Illustration of the currency jump 


approach to WWR for FX products. 


impact on the local currency (albeit smaller than that due to 
sovereign default). 


The RVs can also be implied from available CDS quotes. For 
example, the implied jumps for the euro against the US dollar 
for European sovereigns around the time of the sovereign debt 
crisis in Europe were 9%, 17%, 20%, and 25% for Greece, Italy, 
Spain, and Germany, respectively.*° This is again consistent 
with a higher-credit-quality—and potentially more-systemically- 
important—sovereign, creating a stronger impact. 


It is not surprising that the above jump effect is observed for 
sovereign counterparties. However, it can also be observed for 
other counterparties as well. For example, Chung and Gregory 
(2019) use data from the Japanese CDS market to show that 
there are material implied jumps for financial institutions (aver- 
age 13.5%) and non-financial corporations (average 8%), as well 
as for the sovereign (average 38.4%). 


Whilst there is rarely market data to illustrate the above effect, 
in the absence of CDS data, Finger (2000) suggests how non- 
sovereign counterparties might be modelled if the sovereign 
quanto effect is observed. 


13.6.5 Credit Derivatives 


Credit derivatives are a special case, as the WWR is unavoidable 
(buying credit protection on one party from another party) and 
may be specific (e.g. buying protection from a bank on its sov- 
ereign). A number of approaches have been proposed to tackle 
counterparty risk in credit derivatives, such as Duffie and Single- 
ton (2003), Jarrow and Yu (2001), and Lipton and Sepp (2009). 


Appendix 13G describes the pricing for a CDS with counter- 
party risk using a simple model, ignoring the impact of any col- 
lateralisation. Due to the highly contagious and systemic nature 


35 Moses, A. (2010). Quanto swaps signal 9 percent Euro drop on Greek 
default. Bloomberg (21 June). www.bloomberg.com. 


of CDS risks, the impact of margin may be hard to assess and 
indeed may be quite limited. It is interesting to calculate the fair 
price for buying or selling CDS protection as a function of the 
correlation between the reference entity and the counterparty 
(the counterparty is selling protection). Figure 13.23 shows the 
fair premium—i.e. reduced to account for CVA—that an institu- 
tion should pay in order to buy CDS protection.*° Selling protec- 
tion will require an increased premium. We can observe the very 
strong impact of correlation: one should be willing only to pay 
around 200 bps at 60% correlation to buy protection, compared 
with 250 bps with a ‘risk-free’ counterparty. CVA in this case is 
50 bps (per annum), or one-fifth of the risk-free CDS premium. 
At extremely high correlations, the impact is even more severe 
and CVA is huge. At a maximum correlation of 100%, the CDS 
premium is just above 100 bps, which relates entirely to the 
recovery value.?” When selling protection, the impact of CVA 

is much smaller and reduces with increasing correlation due to 
right-way risk. 


13.6.6 Collateralisation and WWR 


Margin is typically assessed in terms of its ability to mitigate 
exposure. Since WWR potentially causes exposure to increase 
significantly, the impact of margin on WWR is very important 

to consider. However, this is very hard to characterise because 

it is very timing dependent. If the exposure increases gradually 
prior to default, then margin can be received, whereas a jump in 
exposure deems margin useless. This is illustrated, for example, 
by Chung and Gregory (2019), who show that margining has 
very little impact on an FX portfolio under the jump approach 
described in Section 13.6.4. 


Not surprisingly, jump approaches tend to show collateralisation 
as being near useless in mitigating WWR, whereas more continu- 
ous approaches (such as the intensity and structural approaches 
described in Section 13.6.3) suggest that margin is an effective 
mitigant against WWR. The truth is somewhere in between, but 
is likely very dependent on the type of transaction and counter- 
party. Pykhtin and Sokol (2013) consider that the quantification 


36 This is assumed to be free of counterparty risk. We assume that the 
reference entity CDS spread is 250 bps, whereas the counterparty CDS 
spread is 500 bps. Both LGDs are assumed to be 60%. 


37 The premium based only on recovery value (i.e. where there is no 
chance of receiving any default payment) is 250 x 40% = 100 bps. 


38 For zero or low-correlation values, the protection seller may possibly 
suffer losses due to the counterparty defaulting when the CDS has a 
positive mark-to-market (requiring a somewhat unlikely tightening of 
the reference entity credit spread). However, for high correlation values, 
the mark-to-market of the CDS is very likely to be negative at the coun- 
terparty default time and (since this amount must still be paid) there is 
virtually no counterparty risk. 
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atclig-mieeyey Fair CDS premium when buying protection 
subject to counterparty risk, compared with the standard 
(risk-free) premium. The counterparty CDS spread is assumed to 


be 500 bps. 


of the benefit of margin in a WWR situation must account for 
jumps and a period of higher volatility during the MPoR. They 
also note that WWR should be higher for the default of more 
systemic parties, such as banks. Overall, their approach shows 
that WWR has a negative impact on the benefit of collateralisa- 
tion. Interestingly, counterparties that actively use margin (e.g. 
banks) tend to be highly systemic and will be subject to these 
extreme WWR problems, whilst counterparties that are non- 
systemic (e.g. corporates) often do not post margin anyway. 


WWR may also be present in terms of the relationship between 
the value of margin and the underlying exposure. Consider a payer 
interest rate swap collateralised by a high-quality government 
bond. This would represent a situation of general WWR, since an 
interest rate rise would cause the value of the swap to increase, 
whilst the margin value would decline. In the case of a receiver 
interest rate swap, the situation is reversed and there would be a 
beneficial right-way margin position. Given the relatively low vola- 
tility of interest rates, this is not generally a major problem. 


A more significant example of general wrong-way (or right-way) 
margin could be a cross-currency swap collateralised by cash in 
one of the two underlying currencies. If margin is held in the cur- 
rency being paid, then an FX move will simultaneously increase 


the exposure and reduce the value of the collateral. 


There can also be cases of specific WWR where there is a more 
direct relationship between the type of margin and the counter- 
party credit quality. An entity posting its own bonds is an exam- 
ple of this: this is obviously a very weak mitigant against credit 


Sell protection 


exposure and CVA, although it may mitigate FVA. A 
bank posting bonds of its own sovereign is another 
clearly problematic example. 


13.6.7 Central Clearing and WWR 


Given their reliance on collateralisation as their pri- 
mary protection via variation and initial margin, CCPs 
may be particularly prone to WWR, especially those 
that clear products such as CDSs. A key aim of a CCP 
is that losses due to the default of a clearing mem- 
ber are contained within resources committed by 

that clearing member (the so-called ‘defaulter-pays’ 
approach described in Section 8.3.4). A CCP faces the 
risk that the defaulter-pays resources of the defaulting 
member(s) may be insufficient to cover the associated 
losses. In such a case, the CCP would impose losses 
on its members and may be in danger of becoming 


insolvent itself. 


CCPs tend to disassociate credit quality and expo- 

sure. Parties must have a certain credit quality (typi- 
cally defined by the CCP and not external credit ratings) to be 
clearing members, but will then be charged initial margins and 
default fund contributions driven primarily by the market risk of 
their portfolio (that drives the exposure faced by the CCP).%? In 
doing this, CCPs are in danger of implicitly ignoring WWR. 


For significant WWR transactions such as CDSs, CCPs have 
the problem of quantifying the WWR component in defining 
initial margins and default funds. As with the quantification 
of WWR in general, this is far from an easy task. Furthermore, 
WWR increases with increasing credit quality, shown both 
quantitatively and empirically in Section 13.6.4. Similar 
arguments are made by Pykhtin and Sokol (2012) in that a 
large dealer represents more WWR than a smaller and/or 
weaker credit quality counterparty. These aspects perversely 
suggest that CCPs should require greater initial margin and 
default fund contributions from better-credit-quality and 


more-systemically-important members.”° 


Related to the above is the concept that a CCP waterfall may 
behave rather like a collateralised debt obligation (CDO), which 
has been noted by a number of authors, including Murphy 
(2013), Pirrong (2013), and Gregory (2014). The comparison, 
illustrated in Figure 13.24, is that the ‘first loss’ of the CDO is 


3? Some CCPs do base margins partially on credit quality, but this, if 
used, is not a large effect. 


40 Of course, better-credit-quality members are less likely to default, but 
the impact if they do is likely to be more severe. 
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covered by defaulter-pays initial margins and default funds, 
together with CCP equity. Clearing members, through their 
default fund contributions and other loss-allocation exposures, 
have a second loss position on the hypothetical CDO. Of course, 
the precise terms of the CDO are unknown and ever changing, 
as they are based on aspects such as the CCP membership, the 
portfolio of each member, and the initial margins held. However, 
what is clear is that the second loss exposure should correspond 
to a relatively unlikely event, since otherwise it would imply that 
initial margin coverage was too thin. 


The second loss position that a CCP member is implicitly 
exposed to is therefore rather senior in CDO terms. Such 
senior tranches are known to be heavily concentrated in terms 
of their systemic risk exposure (see, for example, Gibson 2004, 
Coval et al. 2009, and Brennan et al. 2009) as discussed in 
Section 10.2.2. 


CCPs also face WWR on the margin they receive. They will 
likely be under pressure to accept a wide range of eligible 
securities for initial margin purposes. Accepting more risky and 
illiquid assets creates additional risks and puts more emphasis 
on the calculation of haircuts that can also increase risk if 
underestimated. CCPs admitting a wide range of securities 
can become exposed to greater adverse selection, as clearing 


CCP loss waterfall CDO 


Rights of assessment, 
other loss-allocation 
methods and closure 


Losses 


Second loss 


Remaining default fund 


CCP equity 


Default fund (client) 
First loss 


Initial margin (client) 


(PTE RZ) Comparison between a CCP loss 


waterfall and a CDO structure. 


members (and clients) will naturally choose to post margin that 
has the greatest risk (relative to its haircut) and may also present 
the greatest WWR to a CCP (e.g. a European bank may choose 
to post European sovereign debt where possible). 
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WE Learning Objectives 


After completing this reading you should be able to: 


© Differentiate among current exposure, peak exposure, 


expected exposure, and expected positive exposure. 


® Explain the treatment of counterparty credit risk (CCR) 
both as a credit risk and as a market risk and describe its 
implications for trading activities and risk management for 


a financial institution. 


© Describe a stress test that can be performed on a loan 
portfolio and on a derivative portfolio. 


© Calculate the stressed expected loss, the stress loss for 
the loan portfolio, and the stress loss on a derivative 
portfolio. 


© Describe a stress test that can be performed on CVA. 
® Calculate the stressed CVA and the stress loss on CVA. 


® Calculate the DVA and explain how stressing DVA enters 
into aggregating stress tests of CCR. 


® Describe the common pitfalls in stress testing CCR. 


Excerpt is from “The Evolution of Stress Testing Counterparty Exposures,” by David Lynch, reprinted from Stress Testing: Approaches, 
Methods, and Applications, Second Edition, edited by Akhtar Siddique and Iftekhar Hasan. 
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The call for better stress testing of counterparty credit risk (CCR) 
exposures has been a common occurrence from both regula- 
tors and industry in response to financial crises (CRMPG, 1999; 
CRMPG, 2005; FRB, 2011). Despite this, statistical measures 
have progressed more rapidly than stress testing. This chapter 
will therefore examine how stress testing may be improved by 
building off the development of statistical measures. It begins 

by describing how the measurement of counterparty risk has 
evolved by viewing the risk as a credit risk and as a market risk. 
The problems this creates for a risk manager who is developing a 
stress-testing framework for counterparty risk are then identified. 
Methods to stress test counterparty risk are described from both 
a credit risk and market risk perspective, starting with the simple 
case of stressing current exposures to a counterparty. These 
stress tests are also considered from both a portfolio perspective 
and individual counterparty perspective. Finally, some common 
pitfalls in stress testing counterparty exposures are identified. 


14.1 THE EVOLUTION OF 
COUNTERPARTY CREDIT RISK 
MANAGEMENT 


The measurement and management of CCR has evolved rap- 
idly since the late 1990s. In fact, CCR may well be the fastest- 
changing part of financial risk management during that time 
period. This is especially true of the statistical measures used in 
CCR. Despite this quick progress in the evolution of statistical 
measures of CCR, the stress testing of CCR has not evolved 
nearly as quickly. 


In the 1990s, a large part of counterparty credit management 
involved evaluation of the creditworthiness of an institution's 
derivatives counterparties and tracking the current exposure of 
the counterparty. In the wake of the Long-Term Capital Manage- 
ment crisis, the Counterparty Risk Management Policy Group 
cited deficiencies in these areas, and also called for use of better 
measures of CCR. Regulatory capital for CCR consisted of add- 
ons to current exposure measures (BCBS, 1988), which were a 
percentage of the gross notional of derivative transactions with 
a counterparty. As computer technology advanced, the ability to 
model CCR developed quickly and allowed assessments of how 
the risk would change in the future. 


The fast pace of change in CCR modelling can be seen in the 
progression of statistical measures used to gauge CCR. First, 
potential exposure models were developed to measure and 
limit counterparty risk. Second, these potential exposure models 
were adapted to expected positive exposure (EPE) models that 
allowed derivatives to be placed in portfolio credit risk models 
similarly to loans (Canabarro, Picoult and Wilde, 2003). These 


two types of models are the hallmark of treating CCR as a credit 
risk. Pykhtin and Zhu (2007) provide an introduction to these 
models. The treatment of CCR as a credit risk was the predomi- 
nant framework for measuring and managing CCR from 2000 

to 2006, and was established as the basis for regulatory capital 
as part of Basel II (BCBS, 2005). During this time, risk mitigants 
such as netting agreements and margining were incorporated 
into the modelling of CCR. The definitions of these exposure 
measures used in this chapter follow those in BCBS (2005), as 


shown below. 


e Current exposure is the larger of zero and the market value 
of a transaction or portfolio of transactions within a netting 
set, with a counterparty that would be lost upon the default 
of the counterparty assuming no recovery on the value of 
those transactions in bankruptcy. Current exposure is often 
also called “replacement cost”. 


e Peak exposure is a high percentile (typically, 95% or 99%) 
of the distribution of exposures at any particular future date 
before the maturity date of the longest transaction in the 
netting set. A peak exposure value is typically generated for 
many future dates up until the longest maturity date of trans- 
actions in the netting set. 


e Expected exposure is the mean (average) of the distribution 
of exposures at any particular future date before the longest 
maturity transaction in the netting set matures. An expected 
exposure value is typically generated for many future dates 
up until the longest maturity date of transactions in the net- 
ting set. 


e EPE is the weighted average over time of expected expo- 
sures where the weights are the proportion that an individual 
expected exposure represents of the entire time interval. 
When calculating the minimum capital requirement, the aver- 
age is taken over the first year or over the time period of the 
longest maturity contract in the netting set. 


Furthermore, an unusual problem associated with CCR, that 

of wrong-way risk, has been identified (Levin and Levy, 1999; 
Finger, 2000). Wrong-way risk occurs when the credit qual- 

ity of the counterparty is correlated with the exposure so that 
exposure grows when the counterparty is most likely to default. 
When exposure is fixed, as is the case for a loan, this does not 
occur, so adaptation of techniques used in other areas of risk 
management is more difficult. 


At the same time, the treatment of CCR as a market risk was 
developing, but largely relegated to pricing in a credit valua- 
tion adjustment (CVA) prior to the financial crisis of 2007-08. 
This was first described for swaps (Sorensen and Bollier, 1994; 
Duffie and Huang, 1996), and has since become widespread 
due to the accounting requirement of FAS 157 (FASB, 2006). 
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The complexities of risk managing this price aspect of a 
derivatives portfolio did not become apparent until the cri- 
sis. Before that, credit spreads for financial institutions were 
relatively stable and the CVA was a small portion of the valu- 
ation of banks’ derivatives portfolios. During the crisis, both 
credit spreads and exposure amounts for derivative transac- 
tions experienced wide swings, and the combined effect 
resulted in both large losses and large, unusual gains. Since 
then, financial institutions have been developing their frame- 
works to risk manage CVA. The regulatory capital framework 
has adopted a CVA charge to account for this source of risk 
(BCBS, 2011). 


The treatment of CCR as a credit risk or CCR as a market risk 
has implications for the organisation of a financial institution's 
trading activities and its risk management disciplines (Picoult, 
2005; Canabarro, 2009). Both treatments are valid ways to 
manage the portfolio, but adoption of one view alone leaves 

a financial institution blind to the risk from the other view. If 
CCR is treated as a credit risk, a bank can still be exposed to 
changes in CVA. A financial institution may establish poten- 
tial future exposure (PFE) limits and manage its default risk 
through collateral and netting, but it must still include CVA 

in the valuation of its derivatives portfolio. Inattention to this 
could lead to balance-sheet surprises. If CCR is treated as a 
market risk, dynamically hedging its CVA to limit its market risk 
losses, it remains exposed to large drops in creditworthiness or 
the sudden default of one of its counterparties. A derivatives 
dealer is forced to consider both aspects. 


In addition, the view of CCR has implications for how the risk is 
managed. The traditional credit risk view is that the credit risk of 
the counterparty can be managed at inception or through collat- 
eral arrangements set up in advance, but there is little that can 
be done once the trades are in place. At default, the financial 
institution must replace the trades of the defaulting counter- 
party in the market all at once in order to rebalance its book. A 
large emphasis is placed on risk mitigants and credit evaluation 
as a result. 


The view of CCR as a market risk means that its counterparty 
credit risk can be hedged. Instead of waiting until the coun- 
terparty defaults to replace the contracts, the financial institu- 
tion will replace the trades with a counterparty in the market 
before it defaults by buying the positions in proportion to the 
counterparty’s probability of default. Thus, a counterparty with 

a low probability of default will have little of its trades replaced 
in advance by the financial institution, but, as its credit quality 
deteriorates, a larger proportion of those trades will be replaced 
by moving them to other counterparties. At default, the financial 
institution will have already replaced the trades and the default 
itself would be a non-event. 


14.2 IMPLICATIONS FOR STRESS 
TESTING 


The dual nature of CCR leads to many measures that capture 
some important aspect of CCR. On the credit risk side, there 

are the important measures of exposure: current exposure; peak 
exposure; and expected exposure. On the market risk side, 
there is the valuation aspect coming from CVA, and there is the 
risk generated by changes in the CVA as measured by the value- 
at-risk (VaR) of CVA, for example. This creates a dazzling array of 
information that can be difficult to interpret and understand at 
both portfolio and counterparty levels. The search for a concise 
answer to the question “What is my counterparty credit risk?” is 
difficult enough, but an equally difficult question is “What CCR 
measures should | stress?” 


When confronted with the question of stress testing for CCR, 
the multiplicity of risk measures means that stress testing is a 
complicated endeavour. To illustrate this, we can compare the 
number of stresses that a bank may run on its market risk port- 
folio with the number of similar stresses a bank would run on 

its counterparty credit risk portfolio. In market risk, running an 
equity crash stress test may result in one or two stress numbers: 
an instantaneous loss on the current portfolio and potentially a 
stress VaR loss. A risk manager can easily consider the implica- 
tions of this stress. 


In contrast, the CCR manager would have to run this stress at 
the portfolio level and at the counterparty level, and have to 
consider CCR as both a credit risk and a market risk. The num- 
ber of stress-test results would be at least twice the number 

of counterparties, plus one.’ The number of stress-test results 
would at least double again if the risk manager stressed risk 
measures in addition to considering instantaneous shocks.* The 
number of stress values that can be produced can bewilder even 
the most diligent risk manager, and overwhelm IT resources. 


Despite this array of potential stress results, a risk manager must 
stress test counterparty exposures to arrive at a comprehensive 
view of the risk of the financial institution's portfolio. This chapter 
provides a description of the types of stress tests that can be run 
to get a picture of the CCR in a financial institution’s derivative 
portfolio. 


' The stresses are run for each counterparty and at the aggregate port- 
folio level. The stress may also be run for various sub-portfolios, divided 
by region or industry, for example. These would have to be run in both a 
credit and market risk context. 


2 It might increase even more since there are multiple risk measures of 
importance in CCR. 


3 This is included in regulatory guidance on stress testing for CCR — for 
example, in SR 11-10 (Federal Reserve Board, 2011). 
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14.3 STRESS TESTING CURRENT 
EXPOSURE 


The most common stress tests used in counterparty credit are 
stresses of current exposure. To create a stressed current value, 
the bank assumes a scenario of underlying risk factor changes 
and reprices the portfolio under that scenario. Generally 
speaking, a financial institution applies these stresses to each 
counterparty. It is common practice for banks to report their 
top counterparties with the largest current exposure to senior 
management in one table, and then follow that table with their 
top counterparties, with the largest stressed current exposure 
placed under each scenario in separate tables. 


For example, Table 14.1 shows an example of what a financial 
institution's report on its equity crash stress test for current expo- 
sure might look like. The table lists the top 10 counterparties by 
their exposure to an equity market crash of 25%. It shows the fol- 
lowing categories: the counterparty rating; market value of the 
trades with the counterparty (marked-to-market, MtM); collateral; 
current exposure; and stressed current exposure after the stress is 
applied but before any collateral is collected. This provides a snap- 
shot of which counterparties a CCR manager should be concerned 
about in the event of a large drop in equity markets. A financial 
institution would construct similar tables for other stresses repre- 
senting credit events or interest rate shocks. These tables would 
likely list different counterparties as being exposed to the stress 
scenario, since it is improbable that the counterparty with the 
most exposure to an equity crash is the same as the counterparty 
with the most exposure to a shock in interest rates, for instance. 


LE) RE Current Exposure Stress Test: Equity Crash 


Scenario: Equity Market Down 25% 


This type of stress testing is quite useful, and financial institu- 
tions have been conducting it for some time. It allows the bank 
to identify which counterparties would be of concern in such a 
stress event, and also how much the counterparty would owe 
the financial institution under the scenario. However, stress tests 
of current exposure have two problems. First, aggregation of 
the results is problematic, and, second, it does not account for 
the credit quality of the counterparties. Also, it provides no 
information on wrong-way risk. 


While the individual counterparty results are meaningful, there 
is no useful way to aggregate these stress exposures without 
incorporating further information. If one was to sum the expo- 
sures to arrive at an aggregate stress exposure, this would rep- 
resent the loss that would occur if every counterparty defaulted 
in the stress scenario. Unless the scenario were the Apocalypse, 
this would clearly be an exaggeration of the losses. Other 
attempts to aggregate these results are also flawed. For exam- 
ple, running the stressed current exposure through a portfolio 
credit risk model would be incorrect, since expected exposures, 
not current exposures, should go through a portfolio credit risk 
model (Canabarro, Picoult and Wilde, 2003). Table 14.1 does 
not provide an aggregate stressed amount as a result. 


The stressed current exposures also do not account for the 
credit quality of the counterparty. This should be clear from 
the outset, since it accounts only for the value of the trades 
with the counterparty and not the counterparty’s willingness 
or ability to pay. This is an important deficiency because a 
US$200 million exposure to a start-up hedge fund is very dif- 
ferent from a US$200 million exposure to a triple-A corporate. 


Stressed 
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While one could imagine a limit structure for stressed cur- 
rent exposure that takes into account the credit quality of the 
counterparty, most financial institutions have not gone down 
this path for stressed current exposure. The degree of dif- 
ficulty involved in doing this for each scenario and each rating 
category is daunting, mostly because the statistical measures, 
such as peak exposure, provide a more consistent way to limit 
exposure by counterparties who may be exposed to differ- 
ent scenarios. From Table 14.1, it is unclear whether the CCR 
manager should be more concerned about counterparty C or 
counterparty D in the stress event. While counterparty C has a 
larger stressed current exposure than counterparty D, counter- 
party C has a better credit quality. 


Last, stress tests of current exposure provide little insight into 
wrong-way risk. As a measure of exposure that omits the credit 
quality of the counterparty, these stress tests without additional 
information cannot provide any insight into the correlation of 
exposure with credit quality. Stresses of current exposure are 
useful for monitoring exposures to individual counterparties, but 
do not provide either a portfolio outlook or incorporate a credit 
quality. 


14.4 STRESS TESTING THE LOAN 
EQUIVALENT 


To stress test in the credit framework for CCR, we first have 

to describe a typical stress test that would be performed on a 
loan portfolio. The typical framework for loans is to analyse how 
expected losses would change under a stress. 


For credit provisioning, we might look at an unconditional 
expected loss across a pool of loan counterparties. Expected 
loss for any one counterparty is the product of the probability of 
default, p; where this may depend on other variables, exposure 
at default, ead;, and loss given default, Igd;. The expected loss 
for the pool of loan counterparties is: 


N 
FL = Spi ead;: lgd, 


A stress test could take EAD and LGD as deterministic, and 
focus on stresses where the probability of default is subject to 

a stress. In this case, the probability of default is taken to be a 
function of other variables, and these variables may represent an 
important exchange rate or an unemployment rate, for example. 
For that, the stressed expected loss is calculated conditional on 
some of the variables affecting the probability of default being 
set to their stressed values, the stressed probability of default is 
denoted pf and the stressed expected loss is: 


Els = >, p>: ead; lgd; 


The stress loss for the loan portfolio is EL, — EL. A financial insti- 
tution can generate stress tests in this framework rather easily. 
For instance, it can simply increase the probability of defaults, 
or it can stress the variables that these probabilities of defaults 
depend on. These variables are typically macroeconomic vari- 
ables or balance-sheet items for the counterparty. The stress 
losses can be generated for individual loan counterparties as 
well as at an aggregate level. 


This framework can be adapted for CCR treated as a credit 
risk. In this case, the probability of default and loss given 
default of the counterparty are treated the same, but now 
exposure at default is stochastic and depends on the levels of 
market variables. EPE multiplied by an alpha factor (Picoult, 
2005; Wilde, 2005) is the value that allows CCR exposures to 
be placed in a portfolio credit model along with loans to arrive 
at a high-percentile loss for the portfolio of exposures (both 
loan and derivatives). The same procedure is applied here, 
and EPE is used in an expected loss model. If so, expected 
loss and expected loss conditional on a stress for derivatives 
counterparties are: 


N 
EL = X pi'a: epe; lgd; 


EL; = » "pis a: epe? lgd, 


Stress losses on the derivatives portfolio can be calculated simi- 
larly to the loan portfolio case. A financial institution can stress 
the probability of default similarly to the loan case by stressing 
probability of default or the variables that affect probability of 
default, including company balance-sheet values, macroeco- 
nomic indicators and values of financial instruments. It can also 
combine the stress losses on the loan portfolio and the stress 
losses on its derivatives portfolio by adding these stress losses 
together. 


Table 14.2 shows the results of a typical stress test that could be 
run that would shock the probability of default of counterpar- 
ties in a derivatives portfolio. The stress test might parallel the 
increase in PD by industry after the dotcom crash in 2001-02, 
for example. The expected loss, stressed expected loss and the 
stress loss may all be aggregated, and even combined with simi- 
lar values from the loan portfolio. 


In addition, a financial institution has a new set of variables to 
stress. Exposure, as measured by EPE, depends on market vari- 
ables such as equity prices and swap rates. A financial institution 
can stress these market variables and see their impact. It should 


4 Alpha typically depends on the quantile at which we measure economic 
capital. In this case, it would be the alpha calculated at the expected 
loss. For this reason, it may differ from the alpha used for economic or 
regulatory capital calculations. 
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IELA YA PD Stress: Dotcom Crash 


Counterparty AA 0.05 
Counterparty BB 0.03 
Counterparty CC 0.45 
Counterparty DD 


Counterparty FF 

Counterparty GG 0.98 
Counterparty HH 2.17 
Counterparty Il 0.03 
Counterparty JJ 0.50 
Aggregate 


be noted that it is not clear whether a stress will, in aggregate, 
increase or decrease expected losses. This will depend on a 
whole host of factors, including the directional bias of the bank's 
portfolio, which counterparties are margined and which have 
excess margin. This is in marked contrast to the case where 
stresses of the probabilities of default are considered. Stresses 
to the variables affecting the probability of default generally 
have similar effects and these are in the same direction across 
counterparties. When conducting stresses to EPE, a bank need 
not consider aggregation with its loan portfolio.” Loans are 
insensitive to the market variables and thus will not have any 
change in exposure due to changes in market variables. 


There are a whole host of stresses that can be considered. Typi- 
cally, a financial institution will use an instantaneous shock of 
market variables, and these are often the same current exposure 
shocks from the previous section. In principle, we could shock 
these variables at some future point in their evolution or create 
a series of shocks over time. This is not common, however, and 
shocks to current exposure are the norm. In the performance 
of these instantaneous shocks, the initial market value of the 
derivatives is shocked prior to running the simulation to calcu- 
late EPE. How this shock affects EPE depends on the degree of 
collateralisation and the “moneyness” of the portfolio, among 
other things. 


> Although exposure for loans is insensitive to market variables for the 
most part, there can still be some increase in expected losses if prob- 
abilities of default are correlated with market variables. Furthermore, 
loan commitments and some other loan products can have a stochastic 
exposure. 
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Table 14.3 shows how a financial institution might reconsider its 
stress test of current exposure in an expected loss framework. 
Now, in addition to considering just current exposure, the finan- 
cial institution must consider including the probability of default 
over the time horizon and the EPE in its stress-test framework. 
In this case, we are looking at changes to current exposures and 
thus EPE. We hold the PD constant here. The expected loss, 
even under stress, is small and measured in thousands due to 
the rather small probabilities of default that we are considering. 
We are able to aggregate expected losses and stress losses by 
simply adding them up. 


A financial institution can consider joint stresses of credit quality 
and market variables as well. Conceptually, this is a straightfor- 
ward exercise, but in practice deciding how changes in macro- 
economic variables or balance-sheet variables are consistent 
with changes in market variables can be daunting. There is very 
little that necessarily connects these variables. Equity-based 
approaches (Merton, 1974; Kealhofer, 2003) come close to 
providing a link; however, it remains unclear how to connect an 
instantaneous shock of exposure to the equity-based probability 
of default. While exposure can and should react immediately, it 
is unclear whether equity-based probabilities of default should 
react so quickly. 


This leads to another drawback: the difficulty of capturing the 
connection between the probability of default and exposure 
that is often of concern in CCR. There are many attempts to 
capture the wrong-way risk, but most are ad hoc. The best 
existing approach to identifying wrong-way risk in the credit 
framework is to stress the current exposure, identify those 
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counterparties that are most exposed to the stress and then 
carefully consider whether the counterparty is also subject to 
wrong-way risk. 


Stress tests of CCR as a credit risk allow a financial institution to 
advance beyond simple stresses of current exposure. They allow 
aggregation of losses with loan portfolios, and also allow consid- 
eration of the quality of the counterparty. These are important 
improvements that allow a financial institution to better manage 
its portfolio of derivatives. Treating CCR as a market risk allows 
further improvements (notably, the probability of default will be 
inferred from market variables), and it will be easier to consider 
joint stresses of credit quality and exposure. 


14.5 STRESS TESTING CVA 


When stress testing CCR in a market risk context, we are usu- 
ally concerned with the market value of the counterparty credit 
risk and the losses that could result due to changes in market 
variables, including the credit spread of the counterparty. In 
many instances, a financial institution will consider its unilateral 
CVA for stress testing. Here, the financial institution is con- 
cerned with the fact that its counterparties could default under 
various market scenarios. In addition, we might consider not 
only that a financial institution's counterparty could default, but 
also that the financial institution in question could default to its 
counterparty. In such a case, the financial institution is consid- 
ering its bilateral CVA. Initially, we just consider stress testing 
the unilateral CVA. 


First, we use a common simplified formula for CVA to a counter- 
party that omits wrong-way risk (Gregory, 2010). 


CVA, = LGD}. È EEL) aL) 
z 


where EE,(t) is the discounted expected exposure during the jth 
time period calculated under a risk-neutral measure for counter- 
party n, qalt; t) is the risk-neutral marginal default probability 
for counterparty n in the time interval from tj- to t;, and T is the 
final maturity, and LGD,, is the risk-neutral loss given default for 


counterparty n. 


Aggregating across N counterparties: 


N T 
CVA = X LGD SEE, (t) + anl t-it) 
j=1 


n=1 
Implicit in this description is that the key components all depend 
on values of market variables. Aghti- t) is derived from credit 
spreads of the counterparty, LGD% is generally set by conven- 
tion or from market spreads and EE, ( tj) depends on the values 
of derivative transactions with the counterparty. To calculate a 


stressed CVA, we would apply an instantaneous shock to some 
of these market variables. The stresses could affect EE,(t) or 
galie the” 

Stressed CVA is given by: 

N T 
CVA* = ÙX LGD: SEER ti) - qh( t—1.t)) 
= 


7 
n=1 j= 


and the stress loss is CVA? — CVA. 


Stressing current exposure, as described previously, has similar 
effects. An instantaneous shock will have some impact on the 
expected exposure calculated in later time periods, so all of the 
expected exposures will have to be recalculated. Stresses to the 
marginal probability of default are usually derived from credit 
spread shocks. 


Similarities can be seen between stress testing CCR in a credit 
risk framework and doing so in market risk framework. There is 
a reliance in both cases on expected losses being the product 
of LGD, exposure and the probability of default. However, these 
values will be quite different, depending on the view of CCR as 
a market risk or credit risk. The reasons for the differences are 
many, with the use of risk-neutral values for CVA as opposed to 
physical values for expected losses being the most prominent. In 
addition, CVA uses expected losses over the life of the transac- 
tions, whereas expected losses use a specified time horizon, and 
the model for determining the probability of default is market- 
based in CVA. 


Using a market-based measure for the probability of default 
provides some benefits. It is possible in these circumstances 

to incorporate a correlation between the probability of default 
and the exposure. Hull and White (2012) describe methods to 
do this. They also demonstrate an important stress test that is 
available, a stress of the correlation between exposure and the 
probability of default. They show that the correlation can have 
an important effect on the measured CVA. Since there is likely to 
be a high degree of uncertainty around the correlation, a finan- 
cial institution should run stress tests to determine the impact 


on profit and loss if the correlation is wrong. 


To capture the full impact of various scenarios on CVA profit and 
loss, a financial institution should include the liability side effects 
in the stress as well. This part of the bilateral CVA, often called 
debit valuation adjustment (DVA), captures the value of the 
financial institution's option to default on its counterparties. The 
formula for DVA is similar to the formula for CVA except for two 
changes. First, instead of expected exposure, we have to cal- 
culate the negative expected exposure (NEE). This is expected 


© We could also stress LGD. However, since CVA is linear in LGD, the 
effect is obvious. 
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exposure calculated from the point of view of the counterparty. 
Second, the value of the option to default for the financial insti- 
tution is dependent on the survival of the counterparty, so the 
probability that the counterparty has survived must enter into 
the calculation as S}. A similar change must be made to the CVA 
portion, since the loss due to the counterparty defaulting now 
depends on the financial institution not defaulting first. The 
bilateral CVA formula (Gregory, 2010) is: 


N T N 
BCA = SLGD,> D EEY) ql taut) Silha) — S, LGD 


n=1 j= n=1 


EE, (tj) - ai (t—at;) S 


IM- 


J 


The subscript I refers to the financial institution. Notable in this 
formulation is that the survival probabilities also depend on CDS 
spreads, and now the losses depend on the firm's own credit 
spread. This may lead to counterintuitive results such as losses 
occurring because the firm’s own credit quality improves. When 
looking at stress tests from a bilateral perspective, the financial 
institution will also have to consider how its own credit spread 
is correlated with its counterparties’ credit spread. Stress losses 
can be calculated in a similar way as for CVA losses by calculat- 
ing a stress bilateral credit value adjustment (BCVA) and sub- 
tracting the current BCVA. 


BCVA allows CCR to be treated as a market risk. This means 
CCR can be incorporated into market risk stress testing in a 
coherent manner. The gains or losses from the BCVA stress 
loss can be added to the firm’s stress tests from market 

risk. As long as the same shocks to market variables are 
applied to the trading portfolio and to the BCVA results, 
they can be aggregated by simple addition. 


14.6 COMMON PITFALLS IN 
STRESS TESTING CCR 


Financial institutions have begun to conduct a level of 
stress testing beyond stressing current exposure, and 
the methodologies to conduct these tests are being 
developed. It is also rare for CCR to be aggregated with 
either stress tests of the loan portfolio or with trading 
position stress-testing results in a consistent framework. 
With better modelling of CCR exposures and CVA, it is 
possible to begin aggregating stress tests of CCR with 


either the loan portfolio or trading positions. 


-6 
Since most financial institutions will do some form of 


stressing of current exposure, it is tempting to use those 
stresses when combining the losses with loans or trading 
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positions. The analysis above shows that expected exposure 

or EPE should be used as the exposure amount, and that using 
current exposure instead would be a mistake. In fact, the use 

of current exposure instead of expected exposure can lead to 
substantial errors. This can be shown using a normal approxima- 
tion (Gregory, 2010) to expected exposures, which is accurate 
for linear derivatives with no intermediate payments. Figure 
14.1 plots current exposure and expected exposure after a mil- 
lion dollar shock to the market value of a derivative. For at-the- 
money exposures, the difference between current exposure and 


expected exposure is almost half the value of the shock. 


Use of delta sensitivities to calculate changes in exposures is 
also especially problematic for CCR, since it is highly nonlinear. 
While this can save on computational resources, the errors intro- 
duced are not obvious and the linearisation can be highly mis- 
leading. At-the-money portfolios with large price moves applied 
to the portfolio are especially prone to errors from using delta 
approximations. 


CONCLUSION 


A counterparty credit risk manager now has a multiplicity of 
stress tests to consider. Too many stress tests can hide the risk of 
a portfolio, but a fair number of stresses is important to develop 
a comprehensive view of the risks in the portfolio. Both the 
credit risk and market risk views are important since both fair 
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value losses and default losses can occur no matter how a finan- 
cial institution manages its CCR. More integrated stress tests 
can be generated by combining the credit risk view with the 
loan portfolio, or the market risk view of CCR can be combined 
with the trading book. 


The true difficulty remains in combining the default stresses and 
the fair value stresses to get a single comprehensive stress test. 
This difficulty aside, counterparty credit risk managers now have 
more tools at their disposal to measure and manage CCR. The 
irony is that regulators have begun to move derivative transac- 
tions to central clearing to reduce the counterparty credit risk 
problem just as the ability to manage counterparty credit risk is 
making major advances. 


The views expressed in this chapter are the author’s own and do 
not represent the views of the Board of Governors of the Federal 
Reserve System or its staff. 
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Credit Scoring and 1 3 


Retail Credit Risk 
Management’ 


WE Learning Objectives 


After completing this reading you should be able to: 


® Analyze the credit risks and other risks generated by retail ® Discuss the measurement and monitoring of a scorecard 
banking. performance including the use of cumulative accuracy 


profile (CAP) and the accuracy ratio (AR) techniques. 
© Explain the differences between retail credit risk and 


corporate credit risk. © Describe the customer relationship cycle and discuss the 


trade-off between creditworthiness and profitability. 
© Discuss the “dark side” of retail credit risk and the 


measures that attempt to address the problem. © Discuss the benefits of risk-based pricing of financial 
services. 
© Define and describe credit risk scoring model types, key 
variables, and applications. 


© Discuss the key variables in a mortgage credit assessment 
and describe the use of cutoff scores, default rates, and 
loss rates in a credit scoring model. 


Excerpt is Chapter 9 of The Essentials of Risk Management, Second Edition, by Michel Crouhy, Dan Galai, and Robert Mark. 


1 We acknowledge the coauthorship of Rob Jameson for sections of this chapter. 
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This chapter examines credit risk in retail banking, an industry 


BOX 15.1 BASELS DEFINITION OF 
RETAIL EXPOSURES 


The Basel Committee. the banking industry's international 
regulatory body, defines retail exposures as homogeneous 
portfolios that consist of: 


that is familiar to almost everyone at some level. Once seen as 
unglamorous compared to the big-ticket lending of corporate 
banking and trading, retail banking has been transformed over 
the last few years by innovations in products, marketing, and risk 
management. 


Retail banking has proved particularly important to the financial e A large number of small, low-value loans 


industry in the postmillennium years. On the positive side, retail e With either a consumer or business focus 


businesses provided growing, relatively stable earnings in the e Where the incremental risk of any single exposure is 


early years of the millennium. However, poorly controlled sub- small 


prime lending in the U.S. mortgage market provided the fuel for Examples are: 


the disastrous failures of the U.S. securitization industry in the Mere To 


e Installment loans (e.g., personal finance. educational 
loans, auto loans, leasing) 


In this chapter, we'll first take a look at the different nature of e Revolving credits (e.g., overdrafts, home equity lines of 
credit) 


run-up to the financial crisis of 2007-2009—a topic we address 
in detail in Chapter 16. 


retail credit risk and commercial credit risk, including the “darker 


side” of risk in the retail credit businesses. Then we'll take a more e Residential mortgages 


detailed look at the process of credit scoring. Credit scoring is Small business loans can be managed as retail exposures, 
provided that the total exposure to a small business 


borrower is less than 1 million euros. 


now a widespread technique, not only in banking but also in many 
other sectors where there is a need to check the credit standing 
of a customer (e.g., a telephone company) or estimate the likeli- 


hood that a client will file a claim (e.g., an insurance company). 


15.1 THE NATURE OF RETAIL 
CREDIT RISK 


Retail banking, as defined in Box 15.1, serves both small busi- 
nesses and consumers and includes the business of accept- 
ing consumer deposits as well as the main consumer lending 


businesses. The credit risks generated by retail banking are significant, but 
they are traditionally regarded as having a different dynamic 

e Home mortgages. Fixed-rate mortgages and adjustable-rate ide 

f ; from the credit risk of commercial and investment banking busi- 

mortgages (ARMs) are secured by the residential properties -e l ) À 

l nesses. The defining feature of retail credit exposures is that 

financed by the loan. The loan-to-value ratio (LTV) represents aoe 

they arrive in bite-sized pieces, so that default by a single cus- 

the proportion of the property value financed by the loan 

tomer is never expensive enough to threaten a bank. Corporate 

and is a key risk variable. , l , , 

and commercial credit portfolios, by contrast, often contain 


e Home equity loans. Sometimes called home equity line of 
credit (HELOC) loans, these can be considered a hybrid 
between a consumer loan and a mortgage loan. They are 


large exposures to single names and also concentrations of 
exposures to corporations that are economically intertwined in 


particular geographical areas or industry sectors. 
secured by residential properties. i l l l 
The tendency for retail credit portfolios to behave like well- 


e Installment loans. These include revolving loans, such as diversified portfolios in normal markets makes it easier to 


personal lines of credit that may be used repeatedly up to estimate the percentage of the portfolio the bank “expects” 


a specified limit. They also include credit cards. automobile to default in the future and the losses that this might cause. 


and similar loans, and all other loans not included in auto- This expected loss number can then be treated much like 


mobile loans and revolving credit. Such things as residential 
property, personal property, or financial assets usually secure 
ordinary installment loans. 


Credit card revolving loans. These are unsecured loans. 


other costs of doing business, such as the cost of maintaining 
branches or processing checks. The relative predictability of 
retail credit losses means that the expected loss rate can be 
built into the price charged to the customer. By contrast, the 


a Small business loans (GB!) These are secured by the asset risk of loss from many commercial credit portfolios is dominated 


of the business a a the owners. by the risk that credit losses will rise to some unexpected level. 
Business loans of up to $100,000 to $200,000 are usually con- 


sidered as part of the retail portfolio. 


Of course, this distinction between retail and corporate lending 
can be overstated, and sometimes diversification can prove to 
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be a fickle friend. The 2007-2009 financial crisis demonstrated 
that, at the end of a long credit boom, housing prices could 

fall at about the same time right across even a large economy 
such as the United States. Diversification turned out to offer 
less than perfect protection to large portfolios of mortgage risk, 
though the extent of the house price fall varied considerably 
from region to region. Likewise, a systematic change in behav- 
ior in consumer lending industries—e.g., advancing money to 
consumers without checking their incomes—can introduce a 
hidden systematic risk into credit portfolios, and even whole 
credit industries. In the event of economic trouble, this can lead 
to sudden lurches upward in the default rate and to unexpected 
falls in key asset and collateral values (e.g., house prices). This is 
the “dark side” of retail credit risk, described in Box 15.2, and it 
played a significant role in sparking the 2007-2009 crisis. 


It would, however, be a mistake to think that the potential 

for this kind of mishap became apparent only following the 
2007-2009 crisis: Box 15.2 is reproduced word for word from 
the pre-crisis 2006 edition of this book. In the same edition, we 
included a box on subprime lending in the United States that 
pointed out that subprime was: 


...arisky business for the unwary bank. If subprime 
customers turn out to be much more prone to default 
than the bank has calculated, or if their behavior changes 
as part of a social trend, then the associated costs can 
cut through even the fat interest margins and fees asso- 


BOX 15.2 DOES RETAIL CREDIT RISK 
HAVE A DARK SIDE? 


In the main text, we deal mainly with how credit scoring 

helps put a number to the expected level of credit risk in 
a retail transaction. But there is a dark side to retail credit, 
too. This is the danger that losses will suddenly rise to 

unexpected levels because of some unforeseen but sys- 
tematic risk factor that influences the behavior of many of 
the credits in a bank’s retail portfolio. 


The dark side of retail risk management has four prime 
causes: 


e Not all innovative retail credit products can be associ- 
ated with enough historical loss data to make their risk 
assessments reliable. 


e Even well-understood retail credit products might 
begin to behave in an unexpected fashion under the 
influence of a sharp change in the economic environ- 
ment, particularly if risk factors all get worse at the 
same time (the so-called perfect storm scenario). For 
example, in the mortgage industry, one ever-present- 
worry is that a deep recession combined with higher 
interest rates might lead to a rise in mortgage defaults 
at the same time that house prices, and therefore col- 
lateral values, fall very sharply. 


e The tendency of consumers to default (or not) is a 
product of a complex social and legal system that 
continually changes. For example, the social and legal 
acceptability of personal bankruptcy, especially in the 


United States, is one factor that seemed to influence a 
rising trend in personal default during the 1990s. 


ciated with the sector. Subprime lending is a new sector 

for most retail banks. That means that banks lack the his- 

e Any operational issue that affects the credit assessment 
of customers can have a systematic effect on the whole 
consumer portfolio. Because consumer credit is run as 
a semiautomated decision-making process rather than 
as aseries of tailored decisions, it’s vital that the credit 
process be designed and operated correctly. 


torical data to predict the default rate of their subprime 
customers reliably. 


Since the crisis, various industry reforms and regulations, such as 
the Consumer Financial Protection Bureau (CFPB) have evolved 
out of the Dodd-Frank Act (DFA) to help deal with the dark side 
of retail credit risk. For example, the CFPA requires originators of Almost by definition, it's difficult to put a risk number to 
these kinds of wild-card risk. Instead, banks have to try to 
make sure that only a limited number of their retail credit 
portfolios are especially vulnerable to new kinds of risk, 
such as subprime lending. A little exposure to uncertainty 
might open up a lucrative business line and allow the bank 
to gather enough information to measure the risk better in 
the future; a lot makes the bank a hostage to fortune. 


credit to determine if the consumer has the ability to repay the 
mortgage. If a mortgage is labeled a “qualified mortgage” (QM), 
then a creditor can assume the borrower has met this requirement. 
The CFPA also introduced an “ability to repay” consideration that 
asks the lender to consider underwriting standards (Box 15.3). 


Where large conventional portfolios such as mortgage 
portfolios are vulnerable to sharp changes in multiple risk 
factors, banks must use stress tests to gauge how devas- 
tating each plausible worst-case scenario might be. 


2 The Essentials of Risk Management, 2006, p. 216. While we also dwelt on 
the degree to which regulatory arbitrage motivated the securitization of 
consumer portfolios (p. 226) and mentioned the problem of valuing risky 
residual tranches from a securitization (p. 227). The fragility of AAA-rated 
securitizations posed an extraordinary threat to financial system stability. 
We concluded our discusslon of the transfer of consumer risk (p. 227) with 
an unexplicit warning: “Banks need to watch out for the effect [securitiza- 
tion strategies] can have on liquidity. Can the bank be certain that the 
option of funding through securitization will remain open if circumstances 
change (such as deterioration In the institution's credit rating)?” 


A more benign feature of many retail portfolios is that a rise in 
defaults is often signaled in advance by a change in customer 
behavior—e.g., customers who are under financial pressure 
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BOX 15.3 QUALIFIED MORTGAGES 
AND ABILITY TO REPAY 


“Qualified mortgages” features include: 


e No excess upfront points and fees 


e No toxic loan features (e.g., negative amortization 
loans, terms >30 years, interest-only loans for a 
specified period of time) 


e Cap on how much income can go toward debt 
(e.g., debt to income (DTI) < A3%)' 


e No loans with balloon payments 

“Ability to repay” calls for a lender to consider eight 

underwriting standards: 

e Current employer status 

e Current income or assets 

e Credit history 

e Monthly payment for mortgage 

e Monthly payments on any other loans associated with 
the property 

e Monthly payments on any mortgage-related 
obligations (such as property taxes) 

e Other debt obligations 

e The monthly DTI ratio (or residual income) the borrower 
would be taking on with the mortgage 


‘DTI = Total monthly debt divided by total monthly gross income. 


might fail to make a minimum payback on a credit card account. 
Warning signals like this are carefully monitored by well-run 
retail banks (and their regulators) because they allow the bank 
to take preemptive action to reduce credit risk. The bank can: 


e Alter the rules governing the amount of money it lends to 
existing customers to reduce its exposures. 


e Alter its marketing strategies and customer acceptance rules 
to attract less risky customers. 


e Price in the risk by raising interest rates for certain kinds of cus- 
tomers to take into account the higher likelihood of default. 


By contrast, a commercial credit portfolio is something of a 
supertanker. By the time it is obvious that something is going 
wrong, it’s often too late to do much about it. 


Of course, the warning signals sometimes apparent in consumer 
credit markets are not always heeded. Too often, retail banks 
are tempted to ignore early warnings signs because they would 
steer the bank away from fast-growing, apparently lucrative 
business lines. Instead, banks compete for even more business 
volume by lowering standards: the U.S. subprime mortgage 
industry in the run-up to the 2007-2009 crisis provided a dra- 
matic example of this (Box 15.4). 


BOX 15.4 SLIPPING STANDARDS 
IN SUBPRIME LENDING 


In the period between 2002 and the onset of the 2007 
subprime crisis, consumers and the industry allowed them- 
selves to believe that real estate prices would continue to 
escalate. 


Combined with low interest rates, poorly structured incen- 
tives for brokers, and an increasingly competitive environ- 
ment, this led to a lowering of underwriting standards. 
Banks and brokers began to offer products to borrowers 
who often could not afford the loans or could not bear the 
associated risks. 


Many of the subprime mortgage loans underwritten dur- 
ing this time had multiple weaknesses: less creditworthy 
borrowers, high cumulative loan-to-value ratios, and lim- 
ited or no verification of the borrower's income. 


Some loans took the hybrid form of 2/28 or 3/27 adjust- 
able rate mortgages (ARMs). That is, they offered a fixed 
low “teaser” rate for the first two or three years and 
adjustable rates thereafter. The jump in rates this implied 
meant the mortgages were designed to be refinanced— 
feasible only under the assumption of an increase in the 
collateral value (i.e., a rise in house prices)—or risked fall- 
ing into default. Because many of these mortgages were 
set around the same time, lenders had inadvertently cre- 
ated an environment that would lead to a systemic wave 
of either refinancing or default. 


In addition, consumer behavior with respect to default on 
mortgage debt changed in ways that were not anticipated 
by banks (or rating agencies). 


When the subprime crisis broke in 2007, many commenta- 
tors called it a “perfect storm” in that everything possible 
seemed to go wrong. But it was a perfect storm that had, to 
a large degree, been created by the banking industry itself. 


Regulators accept the idea that retail credit risk is relatively predict- 
able, and also that mortgage loans are safer due to the specific 

real estate asset that is backing the loan. As a result, retail banks 
are asked to set aside a relatively small amount of risk capital under 
Basel II and III compared with regulatory capital for corporate loans. 
But banks will have to provide regulators with probability of default 
(PD), loss given default (LGD), and exposure at default (EAD) sta- 
tistics for clearly differentiated segments of their portfolios. The 
regulators say that segmentation should be based on credit scores 
or some equivalent measure and on vintage of exposures—that is, 
the time the transaction has been on the bank's books. 


Credit risk is not the only risk faced by retail banking, as 

Box 15.5 makes clear, but it is the major financial risk across 
most lines of retail business. We'll now take a close look at the 
principal tool for measuring retail credit risk: credit scoring. 
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BOX 15.5 THE OTHER RISKS OF 
RETAIL BANKING 


In the main text, we focus on credit risk as the principal 
risk of retail credit businesses. But just as in commercial 
banking, retail banking is subject to a whole range of mar- 
ket, operational, business, and reputation risks. 


Interest-rate risk is generated on both the asset and 
liability side whenever the bank offers specific rates to 
both borrowers and depositors. This risk is generally 
transferred from the retail business line to the treasury 
of a retail bank, where it is managed as part of the 
bank's asset/liability and liquidity risk management. 


Asset valuation risks are really a special form of mar- 
ket risk, where the profitability of a retail business 
line depends on the accurate valuation of a particular 
asset, liability, or class of collateral. Perhaps the most 
important is prepayment risk in mortgage banking, 
which describes the risk that a portfolio of mortgages 
might lose its value when interest rates fall because 
consumers intent on remortgaging pay down their 
existing mortgage unexpectedly quickly, removing 

its value. The valuation and the hedging of retail 
assets that are subject to prepayment risk is complex 
because it relies on assumptions about customer 
behavior that are hard to validate. Another example 
of a valuation risk is the estimation of the residual 
value of automobiles in auto leasing business lines. 
Where this kind of risk is explicitly recognized, it tends 
to be managed centrally by the treasury unit of the 
retail bank. 


Operational risks in retail banking are generally man- 
aged as part of the business in which they arise. For 
example, fraud by customers is closely monitored and 
new processes, such as fraud detection mechanisms, 
are put in place when they are economically justified. 
Under Basel Il and IIl, banks allocate regulatory capital 
against operational risk in both retail and wholesale 
banking. A subdiscipline of retail operational risk 
management is emerging that makes use of many of 
the same concepts as bank operational risk at a firm- 
wide level. 


Business risks are one of the primary concerns of 
senior management. These include business volume 
risks (e.g., the rise and fall of mortgage business vol- 
umes when interest rates go up and down), strategic 
risks (such as the growth of Internet banking or new 
payments systems), and decisions about mergers and 
acquisitions. 

Reputation risks are particularly important in retail 
banking. The bank has to preserve a reputation for 
delivering on its promises to customers. But it also 
has to preserve its reputation with regulators, who can 
remove its business franchise if it is seen to act unfairly 
or unlawfully. 


Credit Scoring: Cost, Consistency, 
and Better Credit Decisions 


Every time you apply for a credit card, open an account with a 
telephone company, submit a medical claim, or apply for auto 
insurance, it is almost certain that a credit scoring model—or, 
more precisely, a credit risk scoring model—is ticking away 


behind the scenes.* 


The model uses a statistical procedure to convert information 
about a credit applicant or an existing account holder into num- 
bers that are then combined (usually added) to form a score. 
This score is then regarded as an indicator of the credit risk of 
the individual concerned—that is, the probability of repayment. 
The higher the score, the lower the risk. 


Credit scoring is important because it allows banks to avoid the 
most risky customers. It can also help them to assess whether 
certain kinds of businesses are likely to be profitable by compar- 
ing the profit margin that remains once operating and estimated 


default expenses are subtracted from gross revenues. 


But credit scoring is also important for reasons of cost and con- 
sistency. Major banks typically have millions of customers and 
carry out billions of transactions each year. By using a credit 
scoring model, banks can automate as much as possible the 
adjudication process for small credits and credit cards. Before 
credit scoring was widely adopted, a credit officer would have 
to review a credit application and use a combination of experi- 
ence, industry knowledge, and personal know-how to reach 

a credit decision based on the large amount of information in 

a typical credit application. Each application might typically 
contain about 50 bits of information, although some applica- 
tions may call for as many as 150 items. The number of possible 
combinations of information is staggering, and, as a result, it is 
almost impossible for a human analyst to treat credit decisions 
in identical ways over time. 


By contrast, credit risk scorecards consistently weight and treat 
the information items that they extract from applications and/ 
or credit bureau reports. The credit industry calls these items 
characteristics, and they correspond to the questions on a credit 
application or the entries in a credit bureau report. The answers 


3 Good general references to credit scoring include Edward M. Lewis, 
An Introduction to Credit Scoring (San Raphael, CA. Fair Isaac Corpora- 
tion, 1992); L. C. Thomas, J. N. Crook, and D. B. Edelman, eds., Credit 
Scoring and Credit Control (Oxford: Oxford University Press, 1992); and 
V. Srinivasan and Y. H. Kim, “Credit Granting: A Comparative Analysis of 
Classification Procedures," Journal of Finance 42, 1987, pp. 665-683. 
More recent references include E. Mays and Niall Lynas, Credit Scoring 
for Risk Managers: The Handbook for Lenders, 2011, and N. Siddiqi, 
Credit Risk Scorecards: Developing and Implementing Intelligent Credit 
Scoring, Wiley, 2005. 
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given to the questions in an application or 


the entries of a credit bureau report are 
known as attributes. For example, “four 
years” is an attribute of the characteristic 
“time at address.” Similarly, “rents” is an 
attribute of the characteristic "residential 
status.” 


Credit scoring models assess not only 
whether an attribute is positive or nega- 
tive but also by how much. The weighting 
of the values associated with each answer 
(or attribute) is derived using statistical 


techniques that look at the odds of repay- Gamal ae 


ment based on past performance. (“Odds” reference 


3 : KN, -15 
is the term the retail banking industry uses 


to mean “probability.”) Population odds 
are defined as the ratio of the probability 
of a good event to the probability of a bad 
event in the population. For example, an applicant drawn ran- 
domly from the population with 15:1 odds has a probability of 
1 in 16—i.e., 6.25 percent—of being a bad customer (by which 
we mean delinquent or the subject of a charge-off). 


The statistical techniques employed to weight the information 
in a credit report include linear or logistic regression, math- 
ematical programming or classification trees, neural nets, and 
genetic algorithms (with logistic regression being the most 
common). 


Figure 15.1 shows what a credit scoring table might look 
like—in this case, one used to differentiate between credit 
applications. 


15.2 WHAT KIND OF CREDIT 
SCORING MODELS ARE THERE? 


For the purpose of scoring consumer credit applications, there 
are really three types of models: 


e Credit bureau scores. These are often known as FICO 
scores, because the methodology for producing them was 
developed by Fair Isaac Corporation (the leader in credit 
risk analytics for retail businesses). In the United States and 
Canada, bureau scores are also maintained and supplied by 
companies such as Equifax and TransUnion. From the bank's 
point of view, this kind of generic credit score has a low 
cost, is quickly installed, and offers a broad overview of an 
applicant’s overall creditworthiness (regardless of the type 
of credit for which the applicant is applying). For example, 
Fair Isaac credit bureau risk scores can be tailored to the 


Years on job {| Less than 6 6 months to 1 year | 1 yr 7 months to | 6 yrs 9 months to 10 yrs 6 months 
months 6 months 6 yrs 8 months 10 yrs 5 months or more 
5 14 20 27 39 
Own or rent | Own or buying Rent All others 
40 19 26 
Banking Checking Savings account Checking and None 
account savings account 
22 17 31 0 
Major credit | Yes 
card 
27 
Occupation Retired Professional Clerical Sales Service 
41 36 27 18 12 
Age of 18-25 26-31 35-51 52-61 
applicant 
19 14 26 34 


derogatory 


Minor derogatory No record One satisfactory Two or more 
satisfactory investigation 
4 -2 9 18 0 


CGMS Example of an application scoring table. 


Source: Lewis, 1992, p. xv. 


preferences of a financial institution (they usually range from 
300 to 850; subprime lending typically targets customers with 
scores below 660). 


e Pooled models. These models are built by outside vendors, 
such as Fair Isaac, using data collected from a wide range of 
lenders with similar credit portfolios. For example, a revolving 
credit pooled model might be developed from credit card data 
collected from several banks. Pooled models cost more than 
generic scores, but not as much as custom models. They can 
be tailored to an industry, but they are not company specific. 


e Custom models. These models are usually developed in- 
house using data collected from the lender’s own unique 
population of credit applications. They are tailored to screen 
for a specific applicant profile for a specific lender's prod- 
uct. Custom models have allowed some banks to become 
expert in particular credit segments, such as credit cards and 
mortgages. They can give a bank a strong competitive edge 
in selecting the best customers and offering the best risk- 
adjusted pricing. 


Let's take a closer look at the generic information offered by 
credit bureaus. Credit bureau data consist of numerous “credit 
files” for each individual who has a credit history. Each credit file 
contains five major types of information: 


e Identifying information. This is personal information; it is 
not considered credit information as such and is not used 
in scoring models. The rules governing the nature of the 
identifying information that can be collected are set by local 
jurisdictions. In the United States, for example, the U.S. Equal 
Opportunity Acts prohibits the use of information such as 
gender, race, or religion in credit scoring models. 
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e Public records (legal items). This information comes from civil 
court records and includes bankruptcies, judgments, and tax 


liens. 


e Collection information. This is reported by debt collection 
agencies or by entities that grant credit. 


e Trade line/account information. This is compiled from the 
monthly “receivables” data that credit grantors send to the 
credit bureaus. The tapes contain reports of new accounts as 
well as updates to existing account information. 


e Inquiries. Every time a credit file is accessed, an inquiry must 
be placed on the file. Credit grantors only see the inquiries 
that are placed for the extension of new credit. 


Some credit bureaus, such as Equifax, allow individuals to obtain 
their own score, together with an explanation of how to improve 
their current score (and what-if analyses, such as the impact 

on the score of reducing the balance on the customer's credit 
cards). 


A bureau score can be used to derive a more all-encompassing 
credit score, taking into account a series of key variables includ- 
ing loan-to-value and the quality of the loan documentation. For 


example: 


Risk Score = f(Doc Type, Transaction Type, FICO, LTV, 
DTI, Occup Type, Prop Type, Pmt, Economic Cycle) 


Box 15.6 gives the definition of the key variables that require 
more explanation. One of the problems in the run-up to the 
financial crisis of 2007-2009 was that some originators were 
relying too heavily on bureau credit scores and not taking into 
proper account the wider set of risk variables. 


After years of very poor underwriting standards and irrespon- 
sible lending, mortgage products returned to more traditional 
standards following the financial crisis—e.g., full documenta- 
tion loans, with borrowers obliged to have credit scores above 
680, and significantly larger down payments. The industry has 
moved away from loans featuring negative amortization, stated 
income, no income/no assets, no documentation, or 100 per- 


cent financing. 


15.3 FROM CUTOFF SCORES TO 


DEFAULT RATES AND LOSS RATES 


In the early stages of the industry’s development of credit scor- 
ing models, the actual probability of default assigned to a credit 
applicant did not much matter. The models were designed to 
put applicants in ranked order in relation to their relative risk. 
This was because lenders used the models not to generate 

an absolute measure of default probability but to choose an 


BOX 15.6 DEFINITIONS OF SOME 
KEY VARIABLES IN MORTGAGE 
CREDIT ASSESSMENT 


e Documentation (doc) type: 


e Full doc: A mortgage loan that requires proof 
of income and assets. Debt-to-income ratios are 
calculated. 


e Stated income: Specialized mortgage loan in which 
the mortgage lender verifies employment but not 
income. 


e No income/No asset: Reduced documentation 
mortgage that allows the borrower to state income 
and assets on the loan application without verification 
by the lender; however. the source of the income is 
still verified. 


e No ratio: A mortgage loan that documents 
employment but not income. Income is not listed on 
the application, and no debt-to-income ratios are 
calculated. 


e No doc: A mortgage loan that requires no income or 
asset documentation. Neither is stated on the appli- 
cation, and fields for such information are left blank. 


e FICO: Number score of the default risk associated with 
a borrower's credit history. 


e DTI: Debt-to-income ratio is used to qualify mortgage 
payment and other monthly debt payments versus 
income. 


e LTV: The ratio expresses the amount of a first mortgage 
lien as a percentage of the total appraised value of the 
property—i.e., the loan-to-value ratio. 


e Payment type (Pmt)—e.g., adjustable rate mortgage, 
monthly treasury average. 


appropriate cutoff score—i.e., the point at which applicants 
were accepted, based on subjective criteria. 


We can see how cutoff scores work if we look at Figure 15.2, 
which shows the distribution of “good” and “bad” accounts by 
credit score. Suppose we set the minimum acceptable score at 
680 points. If only applications scoring that value or higher were 
accepted, the firm using the scoring system would avoid lending 
money to the body of bad customers to the left of the verti- 

cal line, but would forgo the smaller body of good accounts to 
the left of the line. Moving the minimum score line to the right 
will cut off an even higher fraction of bad accounts but forgo a 
larger fraction of good accounts, and so on. The score at which 
the minimum score line is set—the cutoff score—is clearly an 
important decision for the business in terms of both its likely 
profitability and the risk that the bank is taking on. 
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Detaulters (“Bads”) 


Percent of Applications 


300 we 680 N 
False Bads ? False Goods 
Cutoff Score 


alice’ Distributions of “goods” and “bads.” 


Given the cutoff score, the bank can determine, based on 

its actual experience, the loss rate and profitability for the 
retail product. Over time, the bank can adjust the cutoff 
score in order to optimize the profit margin for each product 
as well as to reduce the false goods and the false bads. In 
retail banking, unlike wholesale banking, banks have lots of 
customers, and it doesn’t take too much time to accumulate 
enough data to assess the performance of a scorecard. How- 
ever, only by using longer time series can the bank hope to 
capture behavior through a normal economic cycle. Usually, 
the statistics on loss rates and profitability are updated on a 
quarterly basis. 


The Basel Capital Accord requires that banks segment their 
retail portfolios into subportfolios with similar loss character- 
istics, especially similar prepayment risk. Banks will have to 
estimate both the PD and the LGD for these portfolios. This can 
be achieved by segmenting each retail portfolio by score band, 
with each score band corresponding to a risk level. For each 
score band, the bank can estimate the loss rate using historical 
data; then, given an estimate of the LGD, the bank can infer 
the implied PD. For example, if the actual historical loss rate is 
2 percent with a 50 percent LGD, then the implied PD is 

4 percent. 


The bank should adopt similar risk management policies 

with respect to all borrowers and transactions in a particular 
segment. These policies should include underwriting and struc- 
turing of the loans, economic capital allocations, pricing and 
other terms of the lending agreement, monitoring, and internal 
reporting. 


Nondefaulters (“Goods”) 
j 


15.4 MEASURING AND 
MONITORING THE 
PERFORMANCE OF A 
SCORECARD 


The purpose of credit scoring is to predict which 
applications will prove to be good or bad risks 
into the future. To do this, the scorecard must be 
able to differentiate between the two by assign- 
ing high scores to good credits and low scores to 
poor ones. The goal of the scorecard, therefore, 
is to minimize the overlapping area of the distri- 
bution of the good and bad credits, as we saw in 


e00 Scor Figure 15.2. 


This leads to a number of practical problems 

that are of interest to risk managers. How can we 

measure a scorecard’s performance? How do we 
know when to adjust and rebuild scorecards or to change the 
operating policy? 


The validation technique traditionally employed is the 
cumulative accuracy profile (CAP) and its summary statistic, 
the accuracy ratio (AR), illustrated in Figure 15.3. On the 
horizontal axis are the population sorted by score from the 
highest risk score to the lowest risk score. On the vertical axis 
are the actual defaults in percentage terms taken from the 
bank’s records. For example, assume that the scoring model 
predicts that 10 percent of the accounts will default in the 
next 12 months. If our model were perfect, the actual number 
of accounts that defaulted over that time period would corre- 
spond to the first decile of the score distribution—the perfect 
model line in the figure. Conversely, the 45-degree line cor- 
responds to a random model that cannot differentiate between 
good and bad customers. 


Clearly, the bank hopes that its scoring model results are 
relatively close to the perfect model line. The area under the 
perfect model is denoted Ap, while the area under the actual 
rating model is denoted Ap. The accuracy ratio is AR = Ap/Ap, 
and the closer this ratio is to 1, the more accurate is the 
model. 


The performance of a scoring model can be monitored—say, 
every quarter—by means of a CAP curve, and the model 
replaced when its performance deteriorates. The performance 
of scoring systems tends not to change abruptly, but it can 
deteriorate for several reasons: the characteristics of the under- 
lying population may change over time, and/or the behavior of 
the population may evolve so as to change the variables associ- 
ated with a high likelihood of default. 
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to respond to a direct marketing offer, usage score- 


Actual Rating Model 
(cumulative % defaults) 


Perfect Model (10% default rate) 


100% [TT 


cards that predict how likely it is that the customer 


will make use of the credit product, and attrition 
scorecards that estimate how long the customer will 
remain loyal to the lender. Each customer may now be 
described by a number of different scores (Box 15.7). 


There is often a trade-off to be made between the 
creditworthiness of customers and their profitability. 
After all, there’s not much point in issuing costly 
credit cards to creditworthy customers who never 


use them. Conversely, customers who are margin- 
v 


\ ally more likely to default might still be more profit- 
able than customers with higher scores—e.g,., if they 


Fraction of Defaulted Customers 


“Random Model 
tend to borrow money often or are prepared to pay 


a higher rate of interest. (The key risk management 


0% 4 4 | question here is whether the additional profitability 
0% 10% 90% 100% really does offset the risks run by the business line 
4—— Customer Population Sorted by Score —_______» over the longer term—i.e., will the default rate for 
mighinisk A Pow HIS the marginally less creditworthy customer shoot up 
AR = ZE 
Ap if the economy turns sour?) 
| Figure 15.3! Cumulative Accuracy Profile (CAP) and Accuracy Leading banks are therefore experimenting with ways 


Ratio (AR). 


Another reason for replacing a scoring model is that the bank 
has changed the nature of the products that it is offering to 


customers. If a financial institution that offers auto loans decides 


to sell this business and issue credit cards instead, it is highly 
probable that the target customer population will be different 
enough to justify the development of a new custom scorecard. 


15.5 FROM DEFAULT RISK TO 
CUSTOMER VALUE 


As the technology of scorecards has developed, banks have 
progressed from scoring applications at one point in time to 
periodic “behavior scoring.” Here the bank uses information on 
the behavior of a current customer, such as usage of the credit 
line and social demographic information, to determine the risk 
of default over a fixed period of time. The approach is similar 
to application scoring, but it uses many more variables that 
describe the past performance of customers. 


This kind of risk modeling is no longer restricted to default 
estimation. Some time ago, lenders began to shift from simply 
assessing default risk to making more subtle assessments that 
are directly linked to the value of customers to the bank. Credit 
scoring techniques have been applied to new areas, such as 
response scorecards that predict whether the consumer is likely 


to take into account the complex interplay of risk and 


reward. They are moving away from traditional credit default 
scoring toward product profit scoring (which seeks to estimate 


BOX 15.7 SOME DIFFERENT KINDS 
OF SCORECARDS 


e Credit bureau scores are the classic FICO credit scores 
available from the main credit bureaus in the United 
States and Canada. 


e Application scores support the initial decision as to 
whether to accept a new applicant for credit. 


e Behavior scores are risk estimators similar to applica- 
tion scores, but they use information on the behavior 
of existing credit account holders—e.g., usage of credit 
and delinquency history. 


e Revenue scores aim at predicting the profitability of 
existing customers. 


e Response scores predict the likelihood that a customer 
will respond to an offer. 


e Attrition scores estimate the likelihood that existing 
customers will close their accounts, won't renew a 
credit such as a mortgage, or will reduce their balance 
on existing credits. 


e Insurance scores predict the likelihood of claims from 
insured parties. 


e Tax authority scores predict whom the tax inspector 
should audit in order to collect additional revenues. 
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Marketing Initiatives Screening Applications Managing Accounts 


Target prospect/existing Accept/reject? 


customer? 

Tier pricing? Tier pricing? 
Tailor product offering/ 
message? Initial credit line? Collect? 
Mail/don't mail? Authorize? 
How frequently? Reissue? 


Customer service level? 


A EE 
Cross-Sell 


ULBES The customer relationship cycle. 


the profit the lender makes on a specific product from the cus- 
tomer) and to customer profit scoring (which tries to estimate 
the total profitability of the customer to the lender). Using this 
kind of advanced information, lenders can select credit limits, 
interest margins, and other product features to maximize the 
profitability of the customer. And they can adjust these risk, 
operating, and marketing parameters during their relationship 
with the customer. 


In particular, the market is becoming accustomed to “risk-based 
pricing” for credit products—the idea that customers with different 
risk profiles should pay different amounts for the same product. 
Increasingly, banks understand that a “one price fits all” policy in 

a competitive market leads to adverse selection—i.e., the bank 

will primarily attract high-risk customers, to whom the product is 
attractive, and discourage low-risk customers (for the opposite rea- 
son). The degree of adverse selection suffered by a bank may only 
become apparent when the economic climate deteriorates. 


Figure 15.4 summarizes the customer relationship cycle that 
best-practice banks have been developing for some years. 
Marketing initiatives include targeting new and existing custom- 
ers for a new product or tailoring an existing product and/or 
offer to the specific needs of a customer; these initiatives are the 
result of detailed marketing studies that analyze the most likely 
response of various client segments. Screening applicants con- 
sists of deciding which applications to accept or reject on the 
basis of scorecards, in terms of both granting the initial credit 
line and setting the appropriate pricing for the risk level of the 
client. Managing the account is a dynamic process that involves 
a series of decisions based on observed past behavior and activ- 
ity. These include modifying a credit line and/or the pricing of 

a product, authorizing a temporary excess in the use of a credit 
line, renewing a credit line. and collecting past due interest and/ 
or principal on a delinquent account. Cross-selling initiatives 
close the loop on the customer relationship cycle. Based on a 
detailed knowledge of existing customers, the bank can initi- 
ate actions to induce existing customers to buy additional retail 


Increase/decrease credit line? 


products. For example, for a certain category of customers 
who already have checking and savings accounts, the bank 
can offer a mortgage, a credit card, insurance products, 
and so on. In this retail relationship cycle, risk manage- 
ment has become an integral part of the broader business 
decision-making process. 


Since the 2007-2009 financial crisis, a couple of significant 

trends have emerged to improve this classic approach to 

credit scoring and its application.’ First, there has been a 

bigger push to understand how changes in macroeconomic 

factors (e.g., house prices, unemployment) might affect the 
behavior of given score bands so that predicted default rates 
can be adjusted to account for the current stage of the eco- 
nomic cycle. This effort ties in with the efforts to stress test how 
retail credit risk portfolios might perform in stressful macroeco- 
nomic scenarios. The hope is that business decisions can be 
made more forward-looking if they are adjusted to account for 
baseline projections for the economy (i.e., consensus macroeco- 
nomic expectations) and also take into account the capital costs 
and potential losses implied by the raised default rates of 
adverse scenarios. This kind of forward-looking economic cali- 
bration can be augmented with other kinds of adjustment for 
potential social and behavioral changes—e.g., changes in the 
laws surrounding personal finance. 


Second, firms have begun to look more closely at how they 

can test responses to variations in product offerings and then 
monitor the early performance of those taking up retail offers 
(e.g., credit cards). Lessons from this market and performance 
“tasting” exercise can then be fed back into the wider market- 
ing campaign, after the implications have been filtered through 
a sophisticated understanding of how any strategy adjustments 
will affect capital costs and risk-adjusted profitability. 


Both of these trends can be seen as part of the broader attempt 
to make risk-adjusted decision making in retail banking more 
forward-looking, granular, and responsive to social and eco- 
nomic change (as opposed to a more static, less focused view 
based on historical data). 


15.6 THE BASEL REGULATORY 
APPROACH 


Traditionally, consumer credit evaluation has modeled each loan 
or customer in isolation—a natural outcome of the development 
of application scoring. But lenders are really interested in the 


4 For example, see discussion in Andrew Jennings, “A ‘New Normal’ Is 
Emerging—But Not Where Most Banks Expect,” FICO Insights, No. 53, 
July 2011. 
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characteristics of whole portfolios of retail loans. This interest 
has been reinforced by the emphasis on internal ratings-based 
modeling in Basel II and Ill. 


The Basel IIl regulatory framework allows banks to use either a 
Standardized Approach or an Advanced Approach to calculate 
the required amount of regulatory capital. Under the Advanced 
Approach, the bank itself estimates parameters for probability 
of default and loss given default and applies these to its con- 
sumer credit risk model in order to estimate the distribution of 
default loss for various consumer segments. 


The Accord considers three retail subsectors—residential 
mortgages, revolving credit, and other retail exposures such 

as installment loans—and applies three different formulas to 
capture the risk of the risk-weighted assets. It's an approach that 
has highlighted the need for banks to develop accurate esti- 
mates of default probability (rather than simply rely on relative 
credit scores) and to be able to segment their loan portfolios. 
Provided banks can convince regulators that their risk estimates 
are accurate, they will be able to minimize the amount of capital 


required to cover expected and unexpected retail default losses. 


15.7 SECURITIZATION AND MARKET 
REFORMS 


We discuss securitization and the transfer of consumer credit risk 
in Chapter 16, with a quick recap here because securitization has 
been such an important feature of the consumer lending markets. 


Before the start of the subprime crisis in 2007, around 50 per- 
cent of all home mortgages were securitized in the United 
States. Though the crisis halted almost all private label mort- 
gage securitizations (i.e., those not backed by the guarantees 

of government-sponsored entities), the private label market was 
reformed in the post-crisis years and is slowly reviving. Mean- 
while, certain securitization markets based on consumer lending, 
including those for auto lending, credit card receivables, and 
student loans, continued to perform in relatively good health. 


The phenomenon of securitization initially took hold in the U.S. 
home mortgage markets. By the late 1970s, a substantial pro- 
portion of home mortgages were being securitized, and the 
trend intensified in the 1980s. A catalyst for the development 
of mortgage securitization in the United States was the federal 
government's sponsorship of some key financial agencies— 
namely, the Federal National Mortgage Association (FNMA, 
or Fannie Mae), the Federal Home Loan Mortgage Corpora- 
tion (FHLMC, or Freddie Mac), and the Government National 
Mortgage Association (GNMA, or Ginnie Mae). These agencies 
issue securities that pay out to investors using income derived 
from pools of home mortgages originated by banks and other 


financial intermediaries. In order to qualify for inclusion in these 
pools, mortgages must meet various requirements in terms of 
structure and amount. However, from the 1990s, the market 
for private label securitization began to grow quickly and to 
develop various different kinds of mortgage-backed and other 
securitization products. 


Collateralized Mortgage Obligation (CMO) payments are divided 
into tranches (such as mortgage-backed securities or MBS), with 
the first tranche receiving the first set of payments and other 
tranches taking their turn. Assetbacked securities (ABSs) is a term 
that applies to instruments based on a much broader array of 
assets than MBSs, including, for example, credit card receivables, 
auto loans, home equity loans, and leasing receivables. 


Selling the cash flows from these loans to investors through 
some kind of securitization means that the bank gains a prin- 
cipal payment up front, rather than having the money trickle 
in over the life of the retail product. The securities might be 
sold to third parties or issued as tranched bonds in the public 
marketplace—i.e., classes of senior and subordinated bonds 
awarded ratings by a rating agency. 


Securitizations can take many forms in terms of their legal struc- 
ture, the reliability of the underlying cash flows, and the degree 
to which the bank sells off or retains the riskier tranches of cash 
flows. In some instances, the bank substantially shifts the risk of 
the portfolio to the investors and through this process reduces 
the economic risk (and the economic capital) associated with the 
portfolio. The bank gives up part of its income from the borrow- 
ers and is left with a profit margin that should compensate it for 
the initiation of the loans and for servicing them. 


In other instances, the securitization is structured with regulatory 
rules in mind to reduce the amount of risk capital that regulators 
will require the bank to set aside for the particular consumer port- 
folio in question. Sometimes, this means that only a much smaller 
amount of the economic risk of the portfolio is transferred to inves- 
tors, a practice motivated by regulatory arbitrage—i.e., reduction 
in the capital charges attracted by different kinds of asset. 


In the run-up to the 2007-2009 financial crisis, three key trends 
undermined the health of the mortgage (and other) securitiza- 
tion markets: 


e Subprime and similarly risky lending began to be originated 
specifically for securitization, often by firms (e.g., brokers) 
that were lightly capitalized and regulated and that had no 
long-term interest in controlling the quality of the underlying 
loans (Box 15.4). 


e Subprime credit was wrapped up into complex securities, 
which were given high ratings that turned out to be based on 
fragile assumptions. 
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e Banks failed to distribute the securitized risk and instead 
held large amounts of the securitized risk themselves, either 
directly or through investment vehicles of various kinds. 


We discuss the crisis and the securitization reforms it led to in 
more detail in Chapter 16. From the perspective of originators 
of consumer credit, the key effect of these reforms will be to: 


e Improve disclosure and transparency by providing investors 
with more detailed and accurate information about the assets 


underlying the securitization 


e Make originators more accountable by obliging them to 
retain a portion (e.g., 5%) of the economic interest 


e Make rating methodologies and assumptions public, and 
rating agencies more accountable 


e Set capital requirements to a level that better reflects the 
risks of securitizations 


In addition, the crisis led to a series of reforms aimed at prevent- 
ing financial institutions from abusing customers. These are likely 
to have a significant effect on behavior in the U.S. retail markets 
over the long term. 


15.8 RISK-BASED PRICING 


We mentioned earlier that risk-based pricing (RBP) is increas- 
ingly popular in retail financial services, encouraged by both 
competitive and regulatory trends. By risk-based pricing for 
financial services we mean explicitly incorporating risk-driven 
account economics into the annualized interest rate that is 
charged to the customer at the account level. The key economic 
factors here include operating expenses, the probability of take- 
up (i.e., the probability that the customer will accept a product 
offering), the probability of default, the loss given default, the 
exposure at default, the amount of capital allocated to the 
transaction, and the cost of equity capital to the institution. 


Many leading financial institutions have already adopted some 
form of RBP for acquisitions in their auto loan, credit card, and 
home mortgage business lines. Since the 2007-2009 financial cri- 
sis, banks have recognized the need to factor into RBP some 
longer-term considerations. Still, RBP in the financial retail area 
remains in its infancy. A bank's key business objectives are seldom 
adequately reflected in its pricing strategy. For example, the ability 
to properly price low-balance accounts versus high-balance revolv- 
ers is often inadequate. Further, setting cutoff scores in concert 
with tiered pricing? is often based on ad hoc heuristics rather than 
deep pragmatic analytics. A tiered pricing policy that sets price as 


> By tiered pricing, we mean pricing differentiated by score bands above 
the cutoff score—the higher the score, the lower the price. 


an increasing function of riskier score bands can make risk-based 
pricing easier and more effective. A well-designed RBP strategy 
allows the bank to map alternative pricing strategies at the credit 
score level to key corporate metrics (e.g., revenue, profit, loss, risk- 
adjusted return, market share, and portfolio value) and is a critical 
component of best-practice retail management. RBP incorporates 
key factors from both the external market data (such as the proba- 
bility of take-up, which in turn is a function of price and credit limit) 
and internal data (such as the cost of capital). 


RBP enables retail bank managers to raise shareholder value by 
achieving management objectives while taking multiple con- 
straints into consideration, including trade-offs among profit, 
market share, and risk. Mathematical programming algorithms 
(such as integer programming solutions) have been developed 
to efficiently achieve these management objectives, subject to 
the aforementioned constraints. Pricing is a key tool for retail 
bankers as they balance the goal of increasing market share 
against the goal of reducing the rate of bad accounts. 


To increase market share in a risk-adjusted manner, a retail bank 
might examine the rate of bad accounts as a function of the 
percentage of the overall population acceptance rate (strategy 
curve). Traditional retail pricing leaves a considerable amount of 
money on the table; better pricing can improve key corporate 
performance metrics by 10 to 20 percent or more. 


RBP should also be used, in our view, when nonbanks offer 
credit to customers and small businesses. However, it requires a 
logistical and operational infrastructure that many retailers lack. 
Hence they tend to rely more on credit card payments as well as 
payments backed by financial institutions. 


15.9 TACTICAL AND STRATEGIC 
RETAIL CUSTOMER CONSIDERATIONS 


There are various tactical applications for scoring technologies, 
such as determining which customers are more likely to stay (or to 
leave) and finding approaches to reduce attrition (or increase loy- 
alty) among the right customers. The technologies might also help 
banks decide on the best product to offer a particular customer, 
help them work out how to interest customers in new types of ser- 
vices such as retirement planning, and help them determine how 
aggressively they should be approaching customers. 


There are also many strategic considerations. For example, is 
the bank extracting enough “lifetime value” from an individual 
account? How much future value can the bank expect from its 
customer portfolio, and what are the real sources of this value? 
Ideally, the bank should be able to compare its performance 
relative to its peers (e.g., in terms of market share) as it strives to 


win and keep the right kind of customer portfolios. 
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CONCLUSION 


In this chapter, we've seen that many quantitative advances have 
emerged in the retail credit risk area to help shape business 
strategies throughout the customer life cycle. 


At credit origination, analytical models can now help to identify 
customers who are likely to be profitable, predict their propen- 
sity to respond to an offering, align consumer preferences with 
products, assess borrowers’ creditworthiness, determine line/ 
loan authorization, apply risk-based pricing, and evaluate the 


relationship value of the customer. 


Throughout loan servicing, analytical methods are used to 
anticipate consumer behavior or payment patterns, determine 
opportunities for cross-selling, assess prepayment risk, identify 
any fraudulent transactions, optimize customer relationship 


management, and prioritize the collection effort (to maximize 
recoveries in the event of delinquency). Increasingly, risk-based 
pricing can be used to analyze trade-offs and to determine the 


i 


"optimal” multitier, risk-based pricing strategy. 


However, in applying the quantitative methodologies to 
measure expected loss, banks have to be sure they are not 
overlooking the darker side of retail risk. Every new product or 
marketing technology introduces the danger that a systematic 
risk will be introduced into the credit portfolio—i.e., a common 
risk factor that causes losses to rise unexpectedly high once the 
economy or consumer behavior moves into a new configura- 
tion. The new scoring models are a tool that must be applied 
with a considerable dose of judgment, based on a deep under- 
standing of each consumer product and the role it plays in the 
relevant customer segment. 
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Implications 


E Learning Objectives 


After completing this reading you should be able to: 


© Discuss the flaws in the securitization of subprime 


mortgages prior to the financial crisis of 2007. 


© Identify and explain the different techniques used to 
mitigate credit risk and describe how some of these 
techniques are changing the bank credit function. 


© Describe the originate-to-distribute model of credit risk 
transfer and discuss the two ways of managing a bank 
credit portfolio. 


The Credit Transfer 1 6 


Markets—and Their 


® Describe covered bonds, funding CLOs, and other 
securitization instruments for funding purposes. 


© Describe the different types and structures of credit 
derivatives including credit default swaps (CDS), first- 
to-default puts, total return swaps (TRS), asset-backed 
credit-linked notes (CLN), and their applications. 


Excerpt is Chapter 12 of The Essentials of Risk Management, Second Edition, by Michel Crouhy, Dan Galai, and Robert Mark. 
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LEJCRI ME Credit Transfer Markets: Will They Survive and Revive? 


Under scrutiny, but relatively 
robust 


Low-state convalescence, but 
reforming with potentially fast 
revival 


Credit default swaps. 

Consumer asset-backed securities (non-real estate)—e.g., auto loans, credit card 
receivables, leases, student loans. 

Government entity sponsored MBS. 

Asset-backed commercial paper programs (traditional model). 


Private label mortgage backed securities (MBS): U.S. market gradually picking up but 
suffering from uncertainty about regulatory proposals. 

CLO: Despite some mild downgrades, CLO credit quality was relatively robust during and 
after the crisis. The market was largely dormant for a few years, but volumes of new CLOs 
began to grow quite quickly through 2011 and 2012 into 2013. 


Moribund, with limited chance e CDO-squared. 


of revival e Other forms of overly complex securitization (single-tranche CDOs). 
e Asset-backed commercial paper nontraditional programs (including complex 


securitizations). 


New and revived post-crisis e Partnerships with insurance companies: Banks originate and structure loans—e.g., 


markets 


long-term infrastructure loans—which are funded by insurance companies. Risk is 


transferred in total or partially to the insurance company. 

e Covered bonds: These are funding instruments, as no credit risk is transferred. Covered 
bond markets were well established in some countries—e.g., Germany (Pfandbriefe)— 
before the crisis and have spread and grown since the crisis as a funding technique trusted 


by investors. 


e Resecuritization of downgraded AAA products (Re-Remics, etc.). 


A number of years ago, Alan Greenspan, then chairman of the 
U.S. Federal Reserve, talked of a “new paradigm of active 
credit management.” He and other commentators argued that 
the U.S. banking system weathered the credit downturn of 
2001-2002 partly because banks had transferred and dis- 
persed their credit exposures using novel credit instruments 
such as credit default swaps (CDSs) and securitization such as 
collateralized debt obligations (CDOs).! This looked plain 
wrong in the immediate aftermath of the 2007-2009 finan- 
cial crisis, with credit transfer instruments deeply 

implicated in the catastrophic buildup of risk in the banking 
system. 


Yet, as the dust has settled in the years after the crisis, a more 
measured view has taken hold. First, it became evident that in 
certain respects the CDS market had performed quite robustly 
during and after the crisis and had indeed helped to manage 
and transfer credit risk, though at the cost of some major sys- 
temic and counterparty concerns that needed to be addressed. 
Second, many commentators came around to the view that 
although the crisis was precipitated in part by complex credit 
securitization such as CDOs, this may have had more to do with 
the inadequacies of the pre-crisis securitization process than 


1 Alan Greenspan, “The Continued Strength of the U.S. Banking 
System,” speech, October 7, 2002. 


with the underlying principle of credit risk transfer. Some parts 
of the securitization industry, such as securitizing credit card 
receivables, remained viable through much of the crisis and 
beyond—perhaps because risk remained relatively transparent 
to investors. 


Going forward, the picture for credit transfer markets and strat- 
egies is mixed (Table 16.1). Some pre-crisis markets and instru- 
ments were killed off by the turmoil and seem likely never to 
reappear, at least in the shape and size they once assumed. Oth- 
ers remained moribund for a couple of years after the crisis but 
then began to recover and reform: they may grow quickly again 
once the economy picks up and interest rates rise high enough 
to support expensive securitization processes. Still others were 
relatively unhurt in the crisis. 


Meanwhile, new credit risk transfer strategies are appearing, 
including a trend for insurance companies to purchase loans 
from banks to build asset portfolios that match their long-term 
liabilities. Indeed, the high capital costs associated with post- 
crisis reforms (e.g., Basel Ill) suggest that the “buy and hold” 
model of banking will remain a relatively inefficient way for 
banks to manage the credit risk that lending and other banking 
activities generate. Regulators as well as industry participants 
are keen to support the reemergence of reformed securitization 
markets in order to help banks obtain funding and encourage 
economic growth. In the longer term, the 2007-2009 crisis is 
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BOX 16.1 CREDIT MARKETS ARE DRIVING LONG-TERM CHANGES IN BANKS 


New technologies aren't the only thing that’s driving change 
in the banking industry. Over the last two decades or so, 

the portfolios of loans and other credit assets held by banks 
have become increasingly more concentrated in less credit- 
worthy obligors. This situation has made some banks more 
vulnerable during economic downturns, such as in 2001-2002 
and 2008-2009, when some banks experienced huge credit- 
related losses in sectors such as telecommunications, cable, 
energy, and utilities (2001-2002) or real estate, financial insti- 
tutions and insurance, and automobiles (2008-2009). 


Defaults have reached new levels during each successive credit 
crisis since the early 1990s. Default rates for speculative-grade 
corporate bonds were 9.2 percent and 9.5 percent in 2001 and 
2002, respectively, versus 8 percent and 11 percent in 1990 
and 1991, respectively, and 3.6 percent and 9.5 percent in 
2008 and 2009, respectively. However, in terms of volume, the 
default record was much worse in later crises than in the early 
1990s: it reached the unprecedented peak of $628 billion 

in 2009, according to Standard & Poor's, compared with 
approximately $20 billion in 1990 and 1991 and $190 billion 

in 2002. ' 


At the same time that default rates were high, recovery rates 
were also abnormally low, producing large credit-related 
losses at most major banks. 


Two forces have combined to lead to a concentration of low- 
quality credits in loan portfolios: 


e First, there is the “disintermediation” of banks that started 
in the 1970s and continues today. This trend means that 
large investment-grade firms are more likely to borrow 
from investors by issuing bonds in the efficient capital 
markets, rather than borrowing from individual banks. 


1 Standard & Poor's, Annual Global Corporate Default Study, 
March 2012. 


likely to be seen as a constructive test by fire for the credit 
transfer market rather than a test to destruction. 


It is another episode in a longer process, observable since the 
1970s, in which developing and maturing credit markets have 
driven changes in the business models of banks. Each crisis, each 
new regulation, eventually drives banks further away from the 
buy-and-hold traditional intermediation model toward adopting 
the originate-to-distribute (OTD) business model that surfaces 
throughout this chapter and that is introduced in Box 16.1. 


The first section of this chapter discusses what went wrong 
with the securitization of subprime mortgages and the impor- 
tant lessons to be learned. The rest of the chapter takes a 


e Second, current regulatory capital rules make it more 
economical for banks on a risk-adjusted return basis to 
extend credit to lower-credit-quality obligors. 


As a consequence, and due to enhanced competition, 

banks have found it increasingly difficult to earn adequate 
economic returns on credit extensions, particularly those to 
investment-grade borrowers. Lending institutions, primar- 

ily commercial banks, have determined that it is no longer 
profitable to simply make loans and then hold them until they 
mature. 


But we can put a positive spin on this story, too. Banks are 
finding it more and more profitable to concentrate on the 
origination and servicing of loans because they have a num- 
ber of natural advantages in these activities. Banks have 
built solid business relationships with clients over the years 
through lending and other banking services. Banks also 
have hugely complex back offices that facilitate the efficient 
servicing of loans. In addition, despite setbacks from the 
2007-2009 financial crisis, the major banks have a distribu- 
tion network that allows them to dispose of financial assets 
to retail and institutional investors, either directly or through 
structured products. Finally, some banks have developed a 
strong expertise in analyzing and structuring credits. 


Banks are better able to leverage these advantages as they 
move away from the traditional “buy and hold” business 
model toward an “originate to distribute” (OTD) business 
model. Under this model, banks service the loans, but the 
funding of the loans is outsourced to investors and, to some 
extent, the risk of default is shared with outside parties. 
Much of this chapter discusses the problems with the execu- 
tion of the OTD model that helped provoke the 2007-2009 
financial crisis—a mode of execution that required reform. 
However, the OTD model itself has not gone away and is 
likely to continue to help shape the future of banking. 


look at how leading global banks and major financial institu- 
tions continue to manage their credit portfolios using credit 
risk transfer instruments and strategies, including traditional 
strategies such as loan sales. We explore how these techniques 
affect the way in which banks organize their credit function, 
and we examine the different kinds of credit derivatives and 
securitization. Although the following discussion is framed 

in terms of the banking industry, much of it is relevant to the 
management of credit risks borne by leasing companies and 
large nonfinancial corporations in the form of account receiv- 
ables and so on. This is particularly true for manufacturers of 
capital goods, which very often provide their customers with 
long-term credits. 
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16.1 WHAT WENT WRONG WITH 
THE SECURITIZATION OF SUBPRIME 
MORTGAGES? 


Securitization involves the repackaging of loans and other assets 
into securities that can then be sold to investors. Potentially, this 
removes considerable liquidity, interest rate, and credit risk from 
the originating bank's balance sheet compared to a traditional 
“buy and hold” banking business model. 


Over a number of years, certain banking markets shifted 
quite significantly to this new “originate to distribute” (OTD) 
business model, and the move gathered pace in the years 
after the millennium. Credit risk that would once have been 
retained by banks on their own books was sold, along with the 
associated cash flows, to investors in the form of mortgage- 
backed securities and similar investment products. In part, 
the banking industry’s enthusiasm for the OTD model was 
driven by Basel capital adequacy requirements: banks sought 
to optimize their use of capital by moving capital-hungry 
assets off their books. Accounting and regulatory standards 
also tended to encourage banks to focus on generating 

the upfront fee revenues associated with the securitization 


process. 


For many years, the shift toward the OTD business model 
seemed to offer many benefits to the financial industry, not least 
by facilitating portfolio optimization through diversification and 
risk management through hedging. 


e Originators benefited from greater capital efficiency, 
enhanced funding availability, and, at least in the short term, 
lower earnings volatility (since the OTD model seemed to dis- 
perse credit and interest rate risk across many participants in 
the capital markets). 


e Investors benefited from a greater choice of investments, 
allowing them to diversify and to match their investment pro- 
file more closely to their preferences. 


e Borrowers benefited from the expansion in credit availability 
and product choice, as well as lower borrowing costs. 


However, the benefits of the OTD model were progressively 
weakened in the years preceding the financial crisis, and risks 
began to accumulate. The fundamental reasons for this remain 
somewhat controversial, at least in terms of their relative impor- 
tance. However, everyone agrees that one problem was that 
the OTD model of securitization reduced the incentives for the 
originator of the loan to monitor the creditworthiness of the 
borrower—and that too few safeguards had been in place to 
offset the effects of this. 


For example, in the securitization food chain for U.S. mort- 
gages, every intermediary in the chain charged a fee: the 
mortgage broker, the home appraiser, the bank originating 

the mortgages and repackaging them into mortgage-backed 
securities (MBS), the investment bank repackaging the MBS into 
collateralized debt obligations, and the credit rating agencies 
giving their AAA blessing to such instruments. But the interme- 
diaries did not necessarily retain any of the risk associated with 
the securitization, and the intermediary's income, as well as any 
bonuses paid, was tied to deal completion and deal volume 


rather than quality. 


Eventually the credit risk was transferred to a structure that was 
so complex and opaque that even the most sophisticated inves- 
tors had no real idea what they were holding, Instead, inves- 
tors relied heavily on rating agency opinions and on the credit 
enhancements made to the securities by financial guarantors 
(monolines and insurance companies such as AIG). The lack of 
transparency of the securitized structures made it difficult to 
monitor the quality of the underlying loans and added to the 
fragility of the system. 


The growth of the credit default swap market and related credit 
index markets made credit risk easier to trade and to hedge. 
This greatly increased the perceived liquidity of credit instru- 
ments. In the broader market, the low credit risk premiums and 
rising asset prices contributed to low default rates, which again 
reinforced the perception of low levels of risk. 


Nevertheless, although the flawed securitization process and the 
failures of the rating agencies (see Appendix 16.1) were clearly 
important factors, the financial crisis occurred largely because 
banks did not follow the OTD business model. Rather than act- 
ing as intermediaries by transferring the risk from mortgage 
lenders to capital market investors, many banks themselves took 
on the role of investors.* For example, relatively little credit 
transfer took place in the mortgage market; instead, banks 
retained or bought a large amount of securitized mortgage 
credit risk. 


In particular, risks that should have been broadly dispersed 
under a classic OTD model turned out to have been concen- 
trated in entities set up to get around regulatory capital require- 
ments. Banks and other financial institutions achieved this by 
establishing highly leveraged off-balance-sheet asset-backed 


2 According to the Financial Times (July 1, 2008), 50 percent of AA-rated 
asset-backed securities were held by banks, conduits, and SIVs. As much 
as 30 percent was simply parceled out by banks to each other, while 20 
percent sat in conduits and SIVs. 
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commercial paper (ABCP) conduits and structured investment 
vehicles (SIVs). These vehicles allowed the banks to move assets 
off their balance sheets; it cost a lot less capital? to hold a AAA- 
rated CDO tranche at arm’s length in an investment vehicle than 
it did to hold a loan on the balance sheet. 


While the capital charges fell, the risks mounted up. The con- 
duits and SIVs were backed by small amounts of equity and 
were funded by rolling over short-term debt in the asset- 
backed commercial paper markets, mainly bought by highly 
risk-averse money market funds. If things went wrong, the 
investment vehicles had immediate recourse to their sponsor 
bank's balance sheet through various pre-agreed liquidity lines 
and credit enhancements (and because bank sponsors did 

not want to incur the reputational damage of a vehicle 


failure).* 


In many cases, banks set up their investment vehicles to ware- 
house undistributed CDO tranches for which they could not find 
any buyers. In other cases, banks set up the vehicles to hold 
senior tranches of CDOs and similar, rated AAA or AA, because 
the yield was much higher than the yield on corporate bonds 
with the same rating. There was a reason for this higher yield, of 
course. In Boxes 16.2 and 16.3 we discuss why banks bought so 
many subprime securities and how the involvement of European 
banks helped to transfer a crisis in U.S. subprime lending across 
the Atlantic. 


While the banks’ investment vehicles benefited from regulatory 
and accounting incentives, they operated without real capital 
buffers and were running considerable risks in the event of a fall 
in market confidence. 


e Some leveraged SIVs incurred significant liquidity and matu- 
rity mismatches, making them vulnerable to a classic bank run 
(or, in this case, shadow bank run). 


e The banks and those that rated the bank vehicles misjudged 
the liquidity and credit concentration risks that would be 
posed by any deterioration in economic conditions. 


e Investors often misunderstood the composition of the assets 
in the vehicles; this made it even more difficult to maintain 
confidence once markets began to panic. 


3 Capital requirements for such off-balance-sheet entities were roughly 
one-tenth of the requirement had the assets been held on the balance 
sheet. 


4 These enhancements implied that investors in conduits and SIVs had 
recourse to the banks if the quality of the assets deteriorated—i.e., 
investors had the right to return assets to the bank if they suffered a 
loss. There was very little in the way of a capital charge for these liquid- 
ity lines and credit enhancements. 


BOX 16.2 WHY DID BANKS BUY SO 
MANY SUBPRIME SECURITIES? 


In mid-2007, at the start of the financial crisis, U.S. 
financial institutions such as banks and thrifts, govern- 
ment sponsored enterprises (GSEs), broker-dealers, and 
insurance companies, were holding more than $900 bil- 
lion of tranches of subprime MBS. Why did they hold so 
much? 


At the peak of the housing bubble, spreads on AAA- 
rated tranches of subprime MBSs (based on the ABX 
index) were 18 bps versus 11 bps for similarly rated 
bonds. The yields were 32 bps versus 16 bps for AA: 
rated securities, 54 bps versus 24 bps for A-rated 
securities, and 154 bps versus 48 bps for BBB-rated 
securities. 


Taking a position in highly rated subprime securities there- 
fore seemed to promise an outsized return, most of the 
time. Investing institutions would face losses only in the 
seemingly unlikely event that, say, the AAA-rated tranches 
of the CDOs were obliged to absorb losses. If this rare 
event occurred, however, it would surely be in the form 

of a systemic shock affecting all markets. Financial firms 
were, in essence, writing a very deep out-of-the-money 
put option on the market. 


Of course, the problem with writing a huge amount of 
systemic insurance like this is that in the middle of any 
general crisis, firms would be unlikely to easily absorb the 
losses and the financial system would be destabilized. Put 
simply, firms took a huge asymmetric bet on the U.S. real 
estate market—and the financial system lost. 


e Banks also misjudged the risks created by their explicit and 
implicit commitments to the vehicles, including reputational 
risks arising from the sponsorship of the vehicles. 


e Financial institutions adopted a business model that assumed 
substantial ongoing access to funding liquidity and asset mar- 
ket liquidity to support the securitization process. 


e Firms that pursued a strategy of actively packaging and 
selling their original credit exposures retained increasingly 
large pipelines of these exposures without adequately 
measuring and managing the risks that would material- 
ize if markets were disrupted and the assets could not 


be sold. 


These problems, and the underlying weaknesses that gave rise 
to them, show that the underpinnings of the OTD model need 
to be strengthened. Bank leverage, poor origination practices, 
and the fact that financial firms chose not to transfer the credit 
risk they originated—while pretending to do so—were major 
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BOX 16.3 THE SACHSEN LANDESBANK AND SUBPRIME SECURITIES 


It is striking that some of the biggest buyers of U.S. subprime 
securities were European banks, including publicly owned 
banks in Germany: the Landesbanken. 


One of the most notorious examples was the Sachsen 
Landesbank located in Leipzig in the State of Saxony, deep 
within the boundaries of the old East Germany. Landesbanks 
traditionally specialize in lending to regional small- and 
medium-sized companies, but during the boom years some 
began to open overseas branches and develop investment 
banking businesses. 


The Sachsen Landesbank opened a unit in Dublin, Ireland, 
which focused on establishing off-balance-sheet vehicles to 
hold very large volumes of mainly highly rated U.S. mortgage- 
backed securities. However, in effect, the vehicles benefited 
from the guarantee of the parent bank, The Sachsen 
Landesbank itself. 


contributors to the crisis. Among the issues that need to be 
addressed are: 


e Misaligned incentives along the securitization chain, driven 
by the search for short-term profits. This was the case at 
many originators, arrangers, managers, and distributors, 
while investor oversight of these participants was weakened 
by complacency and the complexity of the instruments. 


e Lack of transparency about the risks underlying securitized 
products, in particular the quality and potential correlations 
of underlying assets. 


e Poor management of the risks associated with the securitiza- 
tion business, such as market, liquidity, concentration, and 
pipeline risks, including insufficient stress testing of these risks. 


> Currently, regulations under the Dodd-Frank Wall Street Reform and 
Consumer Protection Act propose that banks keep 5 percent of each 
CDO structure they issue. The regulations shall, according to the Dodd- 
Frank Act, “prohibit a securitizer from directly or indirectly hedging or 
otherwise transferring the credit risk that the securitizer is required to 
retain with respect to an asset.” However, as discussed in Acharya et al. 
(2010), an important missing element in the Dodd-Frank Act is a precise 
discussion of how the 5 percent allocation should be spread across the 
tranches and how this will affect capital requirements. In particular, regu- 
lators should decree that first-loss positions be included in the retained 
risks. 


As proposed by Acharya et al. (2010), it may be necessary to enforce 
rigorous underwriting standards—e.g., a maximum loan-to-value (LTV) 
ratio, a maximum loan to income that varies with the credit history of 
the borrower, and so on. More generally, the answer might be found 
in some careful combination of underwriting standards and skin-in-the- 
game risk retentions. 


V. Acharya, T. Cooley, M. Richardson, and |. Walter, eds., Regulating 
Wall Street: The Dodd-Frank Act and the New Architecture of Global 
Finance, Wiley, 2010. 


The operation was highly profitable until 2007, contributing 
90 percent of the group’s total profit in 2006.1 However, the 
operation was too large relative to the size of the balance 
sheet and capital of the parent bank. When the subprime cri- 
sis struck in 2007, the rescue operation wiped out the capital 
of the parent bank, and The Sachsen Landesbank had to be 
sold to another German state bank. 


1 See P Honohan, “Bank Failures: The Limitations of Risk Modelling,” 
Working Paper, 2008, for a discussion of this and other bank failures. 
Honohan (p. 24) says that reading The Sachsen Landesbank’s 2007 
Annual Report suggests, “The risk management systems of the bank 
did not consider this [funding liquidity commitment] as a credit or 
liquidity risk, but merely as an operational risk, on the argument that 
only some operational failure could lead to the loan facility being 
drawn down. As such it was assigned a very low risk weight attracting 
little or no capital.” 


e Overreliance on the accuracy and transparency of credit 
ratings. Despite their central role in the OTD model, CRAs 
did not adequately review the data underlying securi- 
tized transactions and also underestimated the risks of 
subprime CDO structuring. We discuss this further in 
Appendix 16.1. 


Later in the chapter, we summarize some of the practical indus- 
try reforms that have been taken, or are in development, to 
address these issues. For the moment, though, let's remind our- 
selves of why various forms of credit transfer are so important to 
the future of the banking industry. 


16.2 WHY CREDIT RISK TRANSFER IS 
REVOLUTIONARY .. . IF CORRECTLY 
IMPLEMENTED 


H 


Over the years, banks have developed various “traditiona 
techniques to mitigate credit risk, such as bond insurance, 
netting, marking to market, collateralization, termination, or 
reassignment (see Box 16.4). Banks also typically syndicate 
loans to spread the credit risk of a big deal (as we describe in 
Box 16.5) or sell off a portion of the loans that they have origi- 
nated in the secondary loan market. 


These traditional mechanisms reduce credit risk by mutual 
agreement between the transacting parties, but they lack flex- 
ibility. Most important, they do not separate or “unbundle” 

the credit risk from the underlying positions so that it can be 
redistributed among a broader class of financial institutions and 
investors. 
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BOX 16.4 “TRADITIONAL” CREDIT RISK ENHANCEMENT TECHNIQUES 


In the main text, we talk about the newer generation of 
instruments for managing or insuring against credit risk. 
Here, let’s remind ourselves about the many traditional 
approaches to credit protection: 


e Bond insurance. In the U.S. municipal bond market, the 
issuer purchases insurance to protect the purchaser of the 
bond (in the corporate debt market, it is usually the lender 
who buys default protection). Approximately one-third of 
new municipal bond issues are insured, helping municipali- 
ties to reduce their cost of financing. 


e Guarantees. Guarantees and letters of credit are really 
also a type of insurance. A guarantee or letter of credit 
from a third party of a higher credit quality than the 
counterparty reduces the credit risk exposure of any 
transaction. 


e Collateral. A pledge of collateral is perhaps the most 
ancient way to protect a lender from loss. The degree to 
which a bank suffers a loss following a default event is 
often driven largely by the liquidity and value of any collat- 
eral securing the loan; collateral values can be quite vola- 
tile, and in some markets they fall at the same time that 
the probability of a default event rises (e.g., the collateral 
value of real estate can be quite closely tied to the default 
probability of real estate developers). 


e Early termination. Lenders and borrowers some- 
times agree to terminate a transaction by means of a 


BOX 16.5 PRIMARY SYNDICATION 


Loan syndication is the traditional way for banks to share the 
credit risk of making very large loans to borrowers. The loan 
is sold to third-party investors (usually other banks or institu- 
tional investors) so that the originating or lead banks reach 
their desired holding level for the deal (usually set at around 
20 percent by the bank's senior credit committee) at the time 
the initial loan deal is closed. Lead banks in the syndicate 
carry the largest share of the risk and also take the largest 
share of the fees. 


Syndicates operate in one of two ways: firm commitment 
(underwritten) deals, under which the borrower is guaranteed 
the full face value of the loan, and “best efforts” deals. 


Each syndicated loan deal is structured to accommodate 
both the risk/return appetite of the banks and investors that 


Credit derivatives, such as credit default swaps (CDS), are specifi- 
cally designed to deal with this problem. They are off-balance-sheet 
arrangements that allow one party (the beneficiary) to transfer the 
credit risk of a reference asset to another party (the guarantor) 
without actually selling the asset. They allow users to strip credit risk 


mid-market quote on the occurrence of an agreedupon 
event, such as a credit downgrade. 


e Reassignment. A reassignment clause conveys the right to 
assign one’s position as a counterparty to a third party in 
the event of a ratings downgrade. 


e Netting. A legally enforceable process called netting is 
an important risk mitigation mechanism in the derivative 
markets. When a counterparty has entered into several 
transactions with the same institution, some with positive 
and others with negative replacement values, then, under 
a valid netting agreement, the net replacement value rep- 
resents the true credit risk exposure. 


e Marking to market. Counterparties sometimes agree to 
periodically make the market value of a transaction trans- 
parent and then transfer any change in value from the los- 
ing side to the winning side of the transaction. This is one 
of the most efficient credit enhancement techniques, and 
in many circumstances it can practically eliminate credit 
risk. However, it requires sophisticated monitoring and 
back-office systems. 


e Put options. Many of the put options traditionally embed- 
ded in corporate debt securities also provide investors 
with default protection, in the sense that the investor 
holds the right to force early redemption at a prespecified 
price—e.g., par value. 


are involved in the deal and the needs of the borrower. Syn- 
dicated loans are often called leveraged loans when they are 
issued at LIBOR plus 150 basis points or more. 


As a rule, loans that are traded by banks on the secondary 
loan market begin life as syndicated loans. The pricing of 
syndicated loans is becoming more transparent as the syn- 
dicated market grows in volume and as the secondary loans 
market and the market for credit derivatives become more 
liquid. 

Under the active portfolio management approach that we 
describe in the main text, the retained part of syndicated 
bank loans is generally transfer-priced at par to the credit 
portfolio management group. 


away from market risk and to transfer credit risk independently 
of funding and relationship management concerns. (In the same 
way, the development of interest rate and foreign exchange 
derivatives in the 1980s allowed banks to manage market risk 
independently of liquidity risk.) 
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Nevertheless, the credit derivative revolution arrives with its own 
unique set of risks. Counterparties must make sure that they 
understand the amount and nature of risk that is transferred by 
the derivative contract, and that the contract is enforceable. 
Even before the 2007-2009 financial crisis, regulators were con- 
cerned about the relatively small number of institutions—mainly 
large banks such as IP Morgan Chase and Deutsche Bank—that 
currently create liquidity in the credit derivatives market. They 
feared that this immature market might be disrupted if one or 
more of these players ran into trouble. However, it is interesting 
to note that even at the height of the credit crisis, the single- 
name and index CDS market operated relatively smoothly— 
given the extreme severity of the crisis—under the leadership of 


ISDA (International Swaps and Derivatives Association).° 


As we've already discussed, securitization gives institutions the 
chance to extract and segment a variety of potential risks from 
a pool of portfolio credit risk exposures and to sell these risks 
to investors. Securitization is also a key funding source for con- 
sumer and corporate lending. According to the IMF, securitiza- 
tion issuance soared from almost nothing in the early 1990s to 
reach a peak of almost $5 trillion in 2006. Then, with the advent 
of the subprime crisis in 2007, volumes collapsed, especially 

for mortgage CDOs as well as collateralized loan obligations 
(CLOs). Only the securitization of credit card receivables, auto 
loans, and leases remained relatively unaffected. Since 2012, 
the market for the securitization of corporate loans (CLOs) has 
begun to revive, as these structures are transparent for investors 
and the collateral is reasonably easy to value. 


When properly executed in a robust and transparent market, 
credit derivatives should contribute to the “price discovery” of 
credit. That is, they make clear how much economic value the 
market attaches to a particular type of credit risk. As well as 
putting a number against the default risk associated with many 
large corporations, CDS market prices also offer a means to 
monitor the default risk attached to large corporations in real 
time (as opposed to periodic credit rating assessments). 


Over time, the hope is that improvements in price discovery will 
lead to improved liquidity, more efficient market pricing, and 
more rational credit spreads (i.e., the different margins over the 
bank’s cost of funds charged to customers of different credit 
quality) for all credit-related instruments. 


© As mentioned in Box 16.6, some 103 CDS credit events have triggered 
settlements of CDS between June 2005 and April 2013 without disrupt- 
ing the CDS market, partly thanks to ISDA’s, Credit Derivatives Determi- 
nations Committees (DCs). These DCs were established in 2009 to make 
binding decisions as to whether a credit event triggering the settlement 
of a CDS has occurred, whether an auction should be held to determine 
the final price for CDS settlement, and which obligations should be 
delivered or valued in the auction. 


The traditional corporate bond markets perform a somewhat 
similar price discovery function, but corporate bonds are an 
asset that blends together interest rate and credit risk, and cor- 
porate bonds offer a limited lens on credit risk because only the 
largest public companies tend to be bond issuers. Credit deriva- 
tives can, potentially at least, reveal a pure market price for the 
credit risk of high-yield loans that are not publicly traded, and 
for whole portfolios of loans. 


In a mature credit market, credit risk is not simply the risk of 
potential default. It is the risk that credit premiums will change 
minute by minute, affecting the relative market value of the under- 
lying corporate bonds, loans, and other derivative instruments. In 
such a market, the “credit risk” of traditional banking evolves into 
the “market risk of credit risk” for certain liquid credits. 


The concept of credit risk as a variable with a value that fluctu- 
ates over time is apparent, to a degree, in the traditional bond 
markets. For example, if a bank hedges a corporate bond with a 
Treasury bond, then the spread between the two bonds will rise 
as the credit quality of the corporate bond declines. But this is a 
concept that will become increasingly critical in bank risk man- 
agement as the new credit technologies and markets make the 
price of credit more transparent across the credit spectrum. 


16.3 HOW EXACTLY IS ALL THIS 
CHANGING THE BANK CREDIT 
FUNCTION? 


In the traditional model, the bank lending business unit holds 
and “owns” credit assets such as loans until they mature or until 
the borrowers’ creditworthiness deteriorates to unacceptable 
levels. The business unit manages the quality of the loans that 
enter the portfolio, but after the lending decision is made, the 
credit portfolio remains basically unmanaged. 


Let's remind ourselves here of some credit terminology and 
work out how it relates to the evolution of bank functions. 


In modern banking, exposure is measured in terms of the 
notional value of a loan, or exposure at default (EAD) for loan 
commitments. The risk of a facility is characterized by: 


e The external and/or internal rating attributed to each obligor, 
usually mapped to a probability of default (PD) 
e The loss given default (LGD) and EAD of the facilities 


The expected loss (EL) for each credit facility is a straightforward 
multiplicative function of these variables: 


EL = PD X EAD X LGD 
Expected loss, as defined here, is the basis for the calculation 
of the institution’s allowance for loan losses, which should be 
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sufficient to absorb both specific (i.e., identified) and 
more general credit-related losses.’ EL can be viewed 


* Policy setting 


Capital and Risk Committee ° Limit setting 

as the cost of doing business. That is, on average, ° Risk reporting 

over a long period of time and for a well-diversified crer T p — 
portfolio, the bank will incur a credit loss amounting "i Remo > pe iraprak] B 
to EL. However, actual credit losses may differ sub- s pemaen} a 
stantially from EL for a given period of time, depend- A —» Na aai t 
ing on the variability of the bank's actual default r 4 ‘Credit _»! Asset Sales & = 
experience. The potential for variability of credit S Risk Evaluation TENNE es & 

+ Quantification of risk (EL, 

losses beyond EL is called unexpected loss (UL) and is & capital} | 
the basis for the calculation of economic and regula- B oe ene n 
tory capital using credit portfolio models. Pe Ea ——EE eri ae - 
In the traditional business model, risk assessment is r a pes Securitization S 
mostly limited to EL and ignores UL. EL, meanwhile, na | 7 È 
is usually priced into the loan in the form of a spread e r 
charged to the borrower above the funding cost of : zii Servicing S 


the bank. To limit the risk of default resulting from 
unexpected credit losses—i.e., actual losses beyond 
EL—banks hold capital, although traditionally they 
did not employ rigorous quantitative techniques to link their 
capital to the size of UL. (This is in contrast to more modern 
techniques, which use UL for capital attribution and also for the 
risk-sensitive pricing of loans.) 


Under the traditional business model, risk management is 
limited to a binary approval process at origination. The busi- 
ness unit compensation for loan origination is based, in many 
cases, more on volume than on a pure risk-adjusted economic 
rationale. Likewise, the pricing of the loans by the business 

unit is driven by the strength of competition in the local bank- 
ing market rather than by risk-based calculations. To the extent 
that traditional loan pricing reflects risk at all, this is generally in 
accordance with a simple grid that relates the price of the loan 
to its credit rating and to the maturity of the facilities. 


By contrast, under the originate-to-distribute business model, 
loans are divided into core loans that the bank holds over the 
long term (often for relationship reasons) and noncore loans that 
the bank would like to sell or hedge. Core loans are managed 
by the business unit, while noncore loans are transfer-priced to 
the credit portfolio management group. For noncore loans, the 
credit portfolio management unit is the vital link between the 
bank’s origination activities (making loans) and the increasingly 
liquid global markets in credit risk, as we can see in Figure 16.1. 


7 When a loan has defaulted and the bank has decided that it won't be 
able to recover any additional amount, the actual loss is written off and 
the EL is adjusted accordingly—i.e., the written-off loan is excluded from 
the EL calculation. Once a loan is in default, special provisions come into 
effect, in addition to the general provisions, in anticipation of the loss 
given default (LGD) that will be incurred by the bank once the recovery 
process undertaken by the workout group of the bank is complete. 


aie Originate-to-distribute model. 


Economic capital is the key to assessing the performance of a 
bank under this new model. Economic capital is allocated to 
each loan based on the loan’s contribution to the risk of the 
portfolio. At origination, the spread charged to a loan should 
produce a risk-adjusted return on capital that is greater than 
the bank’s hurdle rate. Table 16.2 notes how all this changes 
the activities of a traditional credit function, and helps to make 
clear how the move to active portfolio management is linked 
to improved credit-market pricing and the kind of risk-adjusted 
performance measures. 


In part, the credit portfolio management group must work 
alongside traditional teams within the bank such as the loan 
workout group. The workout group is responsible for “working 
out” any loan that runs into problems after the credit standing 
of the borrower deteriorates below levels set by bank policy. 
The workout process typically involves either restructuring the 
loan or arranging for compensation in lieu of the value of 

the loan (e.g., receiving equity or some of the assets of the 
defaulted company). 


But managing risk at the portfolio level also means monitor- 

ing the kind of risk concentrations that can threaten bank 
solvency—and that help to determine the amount of expensive 
risk capital the bank must set aside. Banks commonly have 
strong lending relationships with a number of large companies, 
which can create significant concentrations of risk in the form of 
overlending to single names. Banks are also prone to concentra- 
tion as a function of their geography and industry expertise. In 
Canada, for example, banks are naturally heavily exposed to the 
oil and gas, mining, and forest products sectors. 
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IEJCMI YA Changes in the Approach to Credit Risk Management 


Traditional Credit Function Portfolio-Based Approach 


Investment strategy 


Ownership of the credit assets Business unit 


Buy and hold Originate to distribute 


Portfolio management or business unit/ 
portfolio management 


Risk measurement 


Model losses due only to default 


Use a binary approval process at origination | Apply risk/return decision-making process 


Risk contribution 
Held at book value Marked-to market (MTM) 


Risk management 


Basis for compensation for loan 
origination 
Pricing 


Valuation 


Some credit portfolio strategies are therefore based on defen- 
sive actions. Loan sales, credit derivatives, and loan securitiza- 
tion are the primary tools banks use to deal with local, regional, 
country, and industry risk concentrations. Increasingly, however, 
banks are interested in reducing concentration risk not only 

for its own sake, but also as a means of managing earnings 
volatility—the ups and downs in their reported earnings caused 
by their exposure to the credit cycle. 


The credit portfolio management group also has another impor- 
tant mandate: to increase the velocity of capital—that is, to free 
capital that is tied up in low-return credits and reallocate it to 
more profitable opportunities. Nevertheless, the credit portfolio 
management group should not be a profit center but should 
instead be run on a budget that allows it to meet its objectives. 


Trading in the credit markets could potentially lead to accusa- 
tions of insider trading if the bank trades credits of firms with 
which it also has some sort of confidential banking relationship. 
For this reason, the credit portfolio management group must be 
subject to specific trading restrictions monitored by the compli- 
ance group. In particular, the bank has to establish a “Chinese 


la 


wall” that separates credit portfolio management, the “public 
side,” from the “private side” or insider functions of the bank 
(where the credit officers belong). The issue is somewhat blurred 
in the case of the loan workout group, but here, too, separation 
must be maintained. This requires new policies and extensive 
reeducation of the compliance and insider functions to develop 
sensitivity to the handling of material nonpublic information. The 
credit portfolio management team may also require an indepen- 


dent research function. 


The counterparty risk that arises from trading OTC deriva- 
tives has become a major component of credit risk in some 


banks and a major concern since the fall of Lehman Brothers in 


Use notional value of the loan 


Use risk-based capital 


Model losses due to default and risk migration 


eee eee ee wee eee ewe ew eee = § 


Credit Portfolio Group 


Credit Portfolio 
Management 
Counterparty 


Exposure 
Management 


Credit Portfolio 
Solutions 
e Provides advice to orginators on 


ee eee structuring and credit risk mitigation 


GMESIFJ Credit portfolio management. 


September 2008. In some institutions, both credit risk related to 


e Increases the velocity of capital 

e Reduces concentration and event risk 

e Increases return on economic capital 

e Responsible for financials, but not a 
profit center 


e Hedges and trades retained credit 
portfolio 

e Houses “public side” research analysts, 
portfolio managers, traders 


e Manages counterparty risk of 
derivatives exposures 


the extension of loans and counterparty credit risk arising from 
trading activities are managed centrally by new credit portfolio 
management groups. The credit portfolio management group 
also advises deal originators on how best to structure deals and 
mitigate credit risks. In addition, the bank personnel managing 
credit risk transfers have to deal with the new transparency, dis- 
closure, and fiduciary duties that post-crisis regulation is impos- 
ing on banks. Figure 16.2 summarizes the various functions of 
the credit portfolio management group. 


16.4 LOAN PORTFOLIO 
MANAGEMENT 


There are really two main ways for the bank credit portfolio 
team to manage a bank credit portfolio: 


e Distribute large loans to other banks by means of primary 
syndication at the outset of the deal so that the bank retains 
only the desired “hold level” (see Box 16.5). 
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e Reduce loan exposure by selling down or hedging loans (e.g., 
by means of credit derivatives or loan securitization). 


In turn, these lend themselves to two key strategies: 


e Focus first on high-risk obligors, particularly those that are 
leveraged in market value terms and that experience a high 
volatility of returns. 


e Simultaneously sell or hedge low-risk, low-return loan assets 
to free up bank capital. 


In pursuit of these ends, the credit portfolio management group 
can combine traditional and modern tools to optimize the risk/ 
return profile of the portfolio. At the traditional end of the spec- 
trum, banks can manage an exit from a loan through negotiation 
with their customer. This is potentially the cheapest and simplest 
way to reduce risk and free up capital, but it requires the bor- 
rower's cooperation. 


The bank can also simply sell the loan directly to another 
institution in the secondary loan market. This requires the 
consent of the borrower and/or the agent, but in many cases 
modern loan documentation is designed to facilitate the 
transfer of loans. (In the secondary loan market, distressed 
loans are those trading at 90 percent or less of their nominal 
value.) 


As we've discussed, the bank may also use securitization and 
credit derivatives to transfer credit risk to other financial insti- 
tutions and to investors. In the rest of this chapter, we'll take 

a more detailed look at the techniques of securitization and 
credit derivative markets and the range of instruments that are 
available. 


16.5 CREDIT DERIVATIVES: 
OVERVIEW 


Credit derivatives such as credit default swaps (CDS), spread 
options, and credit-linked notes are over-the-counter financial 
contracts with payoffs contingent on changes in the credit per- 
formance or credit quality of a specified entity. 


Both the pace of innovation and the volume of activity in the 
credit derivative markets were quite spectacular until the 
beginning of the subprime crisis in 2007. Post-crisis, as of 2013, 
most of the activity remains concentrated on single-name CDS 
and index CDS. The Bank for International Settlements reports 
that the outstanding notional amount for CDS (including single 
names, multinames, and tranches) was almost nil in 1997 and 
reached its highest level of $62.2 trillion in 2007. This number 
dropped to $41.9 trillion in 2008 and has fallen further since to 
reach $25 trillion at year-end 2012; this includes $14.3 trillion of 


single-name CDS notionals (including the notionals of $2.9 tril- 
lion of sovereign single-name CDS) and $10.8 trillion of mul- 
tiname CDS notionals (mostly index products). However, we 
should be careful about assuming these numbers fully capture 
CDS market trends as there are a number of challenges in 
accurately assessing CDS volumes; notably, compression tech- 
niques designed to remove offsetting and redundant positions 
have grown fast since 2008, significantly reducing gross 
notional values.? The general picture of the post-crisis CDS 
market is of a relatively stable market that is in a downward 
trend in terms of volume. Sovereign CDS (SCDS) is the excep- 
tion (Box 16.6). 


In line with this, there have been a number of significant 
improvements in market infrastructure over the last few years, 
notably the introduction of the “Big Bang Protocol”—i.e., the 
revised Master Confirmation Agreement published by ISDA in 
2009. Alongside changes intended to improve the standardiza- 
tion of contracts, the protocol set in place Determination Com- 
mittees, to determine when a credit event has taken place, and 
established auctions as the standard way to fix an agreed price 
for distressed bonds. Fixing this price is a key task for the cash 
settlement of CDS after a credit event has occurred because the 
market for a distressed bond soon after a credit event tends to 
be very thin. 


More generally, the CDS market has been moving toward 
increased transparency, |? standardization of contracts, and the 
use of electronic platforms. Even so, the market remains rela- 
tively opaque compared to some other investment 
markets—e.g., in terms of posttrade information and informa- 
tion about deals outside the interdealer community. 


Furthermore, the CDS market remains dominated by a relatively 
small number of large banks, leading to continuing fears about 
the collapse of a major market participant and the effect of this 
on the CDS and wider financial markets. The proportion of CDS 


8 According to the Bank for International Settlements (OTC Derivatives 
Statistics at year-end 2012), these numbers pale before the aggregate 
notional amount outstanding for interest rate contracts (FRAs, swaps, 
and options) of $490 trillion. The amount for foreign exchange contracts 
is $67.4 trillion. 


? International Organization of Securities Commissions, The Credit 
Default Swap Market, Report, June 2012, pp. 6-7. 


19 For example, since 2006 the Depository Trust & Clearing Corporation 
has run a Trade Information Warehouse to serve as a centralized global 
electronic data repository containing detailed trade information for the 
CDS market. From January 2011, this has included a Regulators Portal to 
give regulators better access to more granular trade data. Larry Thomp- 
son (Managing Director, DTCC), “Derivatives Trading in the Era of Dodd- 
Frank's Title VII,” Speech, September 6, 2012. 
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BOX 16.6 THE SPECIAL CASE OF SOVEREIGN CDS (SCDS) 


SCDS are still a small part of the CDS market with, year-end 
2012, an amount outstanding of $2.9 trillion versus $25 trillion 
in CDS as a whole. They also represent a small part of the sov- 
ereign debt market when compared to the total government 
debt outstanding (roughly $50 trillion). 


However, the market for SCDS has been growing since the 
early 2000s and has increased in size noticeably since 2008, 
while other CDS markets have declined. The post-2008 surge 
corresponded with a perceived increase in sovereign debt 
risk, culminating in the European sovereign debt crisis in 2010 
and the restructuring of Greek sovereign debt in March 2012. 


Although SCDS can provide useful insurance against govern- 
ments defaulting, their role has been controversial during the 
European debt crisis. After accusations that speculative trad- 
ing was exacerbating the crisis, the European Union decided 
in November 2012 to ban buying naked sovereign credit 
default swap protection—i.e., where the investor does not 
own the underlying government bond. The ban had already 
negatively affected the liquidity and trading volumes of SCDS 
that referenced the debt of eurozone countries because of 
the fear of less efficient hedging. 


The measure was criticized by the International Monetary 
Fund (IMF), which said that it found no evidence that SCDS 
spreads had been out of line with government bond spreads 
and that, for the most part, premiums reflected the underly- 
ing country’s fundamentals, even if they reflected them faster 
than the bond market." 


" International Monetary Fund, Global Financial Stability Report, 
April 2013. 


cleared through central counterparties is low but increasing,'! in 
line with the regulatory push for all standardized OTC derivative 
contracts to move to central clearing. Collateralization has also 
tended to increase, though it varies considerably from market to 
market in terms of both frequency and adequacy. 1? 


Today, the risks in the corporate universe that can be pro- 
tected by using credit derivative swaps are largely limited to 
investment-grade names. In the shorter term, using credit 
derivative swaps might therefore have the effect of shifting the 


11 The Bank of England Financial Stability Report of June 2012 remarked 
that “around 50% of IRS contracts are centrally cleared compared with 
around 10% of CDS contracts.” (Bank of England, Financial Stability 
Report, June 2012, Box 5, p. 38). Other accounts put the number of new 
trades that are centrally cleared rather higher, at around a third (Interna- 
tional Organization of Securities Commissions, The Credit Default Swap 
Market, Report, June 2012, p. 26). The proportion of cleared trades may 
increase quite rapidly. 


12 For estimates, see International Organization of Securities Commis- 
sions, The Credit Default Swap Market, Report, June 2012, p. 24. 


The measure was also criticized on the grounds that sover- 
eign debt holders are not the only ones affected when a 
country defaults. Every sector is affected except possibly the 
domestic export sector and the tourism industry. Domestic 
importers and foreign exporters suffer when the default is 
followed by a devaluation; financial institutions and investors 
in domestic corporate debt suffer depreciation in the value of 
their assets; and domestic companies suffer as their credit 
risk increases.? 


According to the IMF report, between June 2005 and April 
2013 there were 103 CDS credit events, but only two SCDS 
credit events with publicly documented settlements (Ecuador 
in 2008 and Greece in 2012). The most recent SCDS credit 
event was the March 2012 Greek debt exchange, which was 
the largest sovereign restucturing event in history. About 
D200 billion of Greek government bonds were exchanged 
for new bonds. Holders of the old bonds who had SCDS 
protection ultimately recovered roughly the par value of their 
holdings. However, there was uncertainty about the payout 
of the SCDS contracts in this particular situation, caused 

by the exchange of new bonds for old bonds. The Interna- 
tional Swaps and Derivatives Association (ISDA) is looking 

at modifying the CDS documentation to deal with such 
situations. 


2 L. M. Wakeman and S. Turnbull, “Why Markets Need ‘Naked’ 
Credit Default Swaps,” Wall Street Journal, September 12, 2012. 


remaining risks in the banking system further toward the riskier, 
non-investment-grade end of the spectrum. For the market to 
become a significant force in moving risk away from banks, the 
non-investment-grade market in credit derivatives needs to 
become much deeper and more liquid than it is today. There 

is some evidence that this is occurring, at least in the United 
States. 


16.6 END USER APPLICATIONS 
OF CREDIT DERIVATIVES 


Like any flexible financial instrument, credit derivatives can be 
put to many purposes. Table 16.3 summarizes some of these 
applications from an end user's perspective. 


Let’s develop a simple example to explain why banks might want 
to use credit derivatives to reduce their credit concentrations. 
Imagine two banks, one of which has developed a special exper- 


tise in lending to the airline industry and has made $100 million 
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LECA] End User Applications of Credit Derivatives 


Investors ° 
& 


Access to previously unavailable markets (e.g., loans, foreign credits, and emerging markets) 

Unbundling of credit and market risks 

Ability to borrow the bank's balance sheet, as the investor does not have to fund the position and also avoids 
the cost of servicing the loans 

Yield enhancement with or without leverage 

Reduction in sovereign risk of asset portfolios 


Banks e Reduce credit concentrations 
e Manage the risk profile of the loan portfolio 
Corporations e Hedging trade receivables 


e Reducing overexposure to customer/supplier credit risk 


e Hedging sovereign credit-related project risk 


worth of AA-rated loans to airline companies, while the other 
is based in an oil-producing region and has made $100 million 
worth of AA-rated loans to energy companies. 


In our example, the banks’ airline and energy portfolios make up 
the bulk of their lending, so both banks are very vulnerable to a 
downturn in the fortunes of their favored industry segment. It’s 
easy to see that, all else equal, both banks would be better off 
if they were to swap $50 million of each other's loans. Because 
airline companies generally benefit from declining energy prices, 
and energy companies benefit from rising energy prices, it is rel- 
atively unlikely that the airline and energy industries would run 
into difficulties at the same time. Alter swapping the risk, each 
bank's portfolio would be much better diversified. 


Having swapped the risk, both banks would be in a better posi- 
tion to exploit their proprietary information, economies of scale, 
and existing business relationships with corporate customers by 
extending more loans to their natural customer base. 


Let’s also look more closely at another end user application 
noted in Table 16.3 with regard to investors: yield enhancement. 
In an economic environment characterized by low (if potentially 
rising) interest rates, many investors have been looking for 

ways to enhance their yields. One option is to consider high- 
yield instruments or emerging market debt and asset-backed 
vehicles. However, this means accepting lower credit quality and 
longer maturities, and most institutional investors are subject to 
regulatory or charter restrictions that limit both their use of non- 
investment-grade instruments and the maturities they can deal 
in for certain kinds of issuer. Credit derivatives provide investors 
with ready, if indirect, access to these high-yield markets by 
combining traditional investment products with credit deriva- 
tives. Structured products can be customized to the client's 
individual specifications regarding maturity and the degree of 
leverage. For example, as we discuss later, a total return swap 
can be used to create a seven-year structure from a portfolio of 


high-yield bonds with an average maturity of 15 years. 


This said, users must remember the lessons of the 2007-2009 
financial crisis: these tools can be very effective in the right 
quantity so long as they are priced properly and counterparty 
credit risk is not ignored. 


Even when institutional investors can access high-yield markets 
directly, credit derivatives may offer a cheaper way for them to 
invest. This is because, in effect, such instruments allow unso- 
phisticated institutions to piggyback on the massive investments 
in back-office and administrative operations made by banks. 


Credit derivatives may also be used to exploit inconsistent pric- 
ing between the loan and the bond market for the same issuer 
or to take advantage of any particular view that an investor has 
about the pricing (or mispricing) of corporate credit spreads. 
However, users of credit derivatives must remember that as well 
as transferring credit risk, these contracts create an exposure to 
the creditworthiness of the counterparty of the credit derivative 
itself—particularly with leveraged transactions. 


16.7 TYPES OF CREDIT DERIVATIVES 


Credit derivatives are mostly structured or embedded in swap, 
option, or note forms and normally have tenures that are shorter 
than the maturity of the underlying instruments. For example, 

a credit default swap may specify that a payment be made if 

a 10-year corporate bond defaults at any time during the next 
two years. 


Single-name CDS remain the most popular instrument type of 
credit derivative, commanding more than 50 percent of the 
market in terms of their notional outstanding value. The demand 
for single-name CDSs has been driven in recent years by the 
demand for hedges of pre-crisis legacy positions such as syn- 
thetic single-tranche collateralized debt obligations—we discuss 
the mechanics of these instruments later—and by hedge funds 
that use credit derivatives as a way to exploit capital structure 
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arbitrage opportunities. The next most popular 
instruments are portfolio/correlation products, mostly 


index CDS. (x Basis Points per Year) x Notional Amount 


Protection Seller 
(buying credit Credit Event 
risk) No Credit Event 


Credit Default Swaps Zero 


Protection Buyer 
(selling credit 
risk) 


Default Payment 


Credit default swaps can be thought of as insurance 
Credit Events 
Bankruptcy, insolvency, or payment default. 
Obligation acceleration, which refers to the situation where debt becomes 
due and repayable prior to maturity. This event is subject to a materiality 
threshold of $10 million unless otherwise stated. 
Stipulated fall in the price of the underlying asset. 


against the default of some underlying instrument or as 


a put option on the underlying instrument. 


In a typical CDS, as shown in Figure 16.3, the party sell- 
ing the credit risk (or the “protection buyer”) makes 


Downgrade in the rating of the issuer of the underlying asset. 
Restructuring: this is probably the most controversial credit event (see 
the Conseco case in Box 16.7). 


periodic payments to the “protection seller” of a nego- 
tiated number of basis points times the notional amount 


of the underlying bond or loan.'? The party buying the 
credit risk (or the protection seller) makes no payment 


Repudiation/moratorium: this can occur in two situations. First, the reference 
entity (the obligor of the underlying bond or loan issue) refuses to honor its 
obligations. Second, a company could be prevented from making a payment 


unless the issuer of the underlying bond or loan defaults 
or there is an equivalent credit event. Under these cir- 
cumstances, the protection seller pays the protection 
buyer a default payment equal to the notional amount 


poll. 
minus a prespecified recovery factor. 


because of a sovereign debt moratorium (City of Moscow in 1998). 


Default Payment 
e Par minus postdefault price of the underlying asset as determined by a dealer 


e Par minus stipulated recovery factor, equivalent to a predetermined amount 


(digital swap). 


Since a credit event, usually a default, triggers the pay- 
ment, this event should be clearly defined in the con- 
tract to avoid any litigation when the contract is settled. 
Default swaps normally contain a “materiality clause” 
requiring that the change in credit status be validated 
by third-party evidence. However, Box 16.7 explores the dif- 
ficulty the CDS market has had in defining appropriate credit 
events. For this reason, the Determination Committees we men- 
tioned earlier have been on hand since 2009 to settle whether a 


credit event has occurred or not. 


The payment made following a legitimate credit event is some- 
times fixed by agreement, but a more common practice is to set 
it at par minus the recovery rate. (For a bond, the recovery rate 
is determined by the market price of the bond after the 
default.) For most standardized CDS the recovery is 


'3 Before 2009, the “par spread,” or premium, was paid monthly by the 
protection buyer and was calculated so that the spread discounted back 
to the origination date was equal to the expected discounted value of 
the settlement amount in case of a credit event. Starting in 2009, the 
protection buyer pays an annual premium paid in quarterly installments 
that has been set at one of several standardized levels—i.e., 25, 100, 
300, 500, or 1,000 basis points plus or minus an upfront payment to 
compensate for the difference between the par spread and the fixed 
premium. This convention already applied to index CDS and was gener- 
alized to single-name CDS in 2009. 


14 For a discussion of the contract liquidation procedures and other 
aspects of how the CDS market functions, see International Organization 
of Securities Commissions, The Credit Default Swap Market, Report, 
June 2012. 


e Payment of par by seller in exchange for physical delivery of the defaulted 
underlying asset. 


Gti) Typical credit default swap. 


contractually set at 60 percent for a bank loan and 40 percent 
for a bond. The protection buyer stops paying the regular pre- 
mium following the credit event. CDSs provide major benefits 
for both buyers and sellers of credit protection (see Box 16.8) 
and are very effective tools for the active management of credit 
risk in a loan portfolio. 


Since single-name CDSs are natural credit risk hedges for bonds 
issued by corporations or sovereigns, it is also natural to arbi- 
trage pricing differences between CDS and underlying reference 
bonds by taking offsetting positions. This is the purpose of 
“basis trading.” To give some sense of the intuition underlying 
this kind of trade, consider a 10-year par bond with a 6 percent 
coupon that could be funded over the life of the bond at 5 per- 
cent.'° This would produce a positive annual cash flow of 1 per- 
cent, or 100 basis points. The CDS referencing that bond should 
also be trading at a “par spread” of 100 basis points. Also, if a 
credit event occurs, the loss on the bond would be covered by 
the gain on the CDS. 


13 In order to obtain fixed-rate funding, the bonds are typically funded 

in the repo market on a floating-rate basis and swapped into fixed rates 
over the full term using interest rate swaps. In practice, the trade is more 
complex since, if the bond defaults, the swap should be canceled. 
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BOX 16.7 CONTROVERSIES AROUND THE “RESTRUCTURING” CREDIT EVENT 


"Cheapest To Deliver”: The Conseco Case 


In its early years, the credit derivatives market struggled to 
define the kind of credit events that should trigger a payout 
under a credit derivative contract. One of the most controver- 
sial aspects was whether the restructuring of a loan—which 
can include changes such as an agreed-upon reduction in 
interest and principal, postponement of payments, or changes 
in the currencies of payment—should count as a credit event. 


The Conseco case famously highlighted the problems that 
restructuring can cause. Conseco is an insurance company, 
headquartered in suburban Indianapolis, that provides sup- 
plemental health insurance, life insurance, and annuities. In 
October 2000, a group of banks led by Bank of America and 
Chase granted to Conseco a three-month extension of the 
maturity of approximately $2.8 billion of short-term loans, 
while simultaneously increasing the coupon and enhancing 
the covenant protection. The extension of credit might have 
helped prevent an immediate bankruptcy,! but as a signifi- 
cant credit event, it also triggered potential payouts on as 
much as $2 billion of CDSs. 


The original sellers of the CDSs were not happy, and they 
were annoyed further when the CDS buyers seemed to be 
playing the “cheapest to deliver” game by delivering long- 
dated bonds instead of the restructured loans; at the time, 
these bonds were trading significantly lower than the restruc- 
tured bank loans. (The restructured loans traded at a higher 
price in the secondary market because of the new credit miti- 
gation features.) 


In May 2001, following this episode, the International Swaps 
and Derivatives Association (ISDA) amended its definition 
of a restructuring credit event and imposed limitations on 
deliverables. 


1 Conseco filed a voluntary petition to reorganize under Chapter 11 in 
2002 and emerged from Chapter 11 bankruptcy in September 2003. 


First-to-Default CDS 


A variant of the credit default swap is the first-to-default put, as 
illustrated in the example in Figure 16.4. Here, the bank holds 

a portfolio of four high-yield loans rated B, each with a nominal 
value of $100 million, a maturity of five years, and an annual 
coupon of LIBOR plus 200 basis points (bp). In such deals, the 
loans are often chosen such that their default correlations are 
very small—i.e., there is a very low probability at the time the 
deal is struck that more than one loan will default over the time 
until the expiration of the put in, say, two years. A first-to-default 
put gives the bank the opportunity to reduce its credit risk expo- 
sure: it will automatically be compensated if one of the loans in 


the pool of four loans defaults at any time during the two-year 


The “Bail-In" Type Event 


The new resolution regimes in the United States (Dodd- 
Frank Act) and Europe (European Banking Law) will give 
supervisory authorities the power to “bail in” the debt of 
failing financial institutions. Regulatory authorities will have 
the power to write down debt to avoid bankruptcies and to 
ensure that bondholders, rather than taxpayers, absorb bank 
losses. 


Although these resolution measures are not yet effective, 
the European sovereign debt crisis provides a preview of 
how these regimes may play out in practice. For example, 
the Irish bank restructuring in 2011 meant that subordinated 
debt was written down by 80 percent, while the Dutch 
government later nationalized SNS, a mid-tier lender (wip- 
ing out subordinated bondholders). The Cyprus bailout 
wrote down senior debt and forced a haircut on uninsured 
depositors. 


These bank restructurings raise the concern that the current 
CDS definitions may not properly cover future reorganiza- 
tions, such as nationalizations. ISDA is working on a pro- 
posal for the specific credit event of a government's using 

a restructuring resolution law to write down, expropriate, 
convert, exchange, or transfer a financial institution’s debt 
obligations. 


At the same time, the rules governing CDS auctions are 
being altered to ensure that the payout on the contracts 
will adequately compensate protection buyers for losses 
incurred on their bond holdings. In particular, the rules 
would allow written-down bonds to be delivered into a CDS 
auction based on the outstanding principal balance before 
the bail-in happened. In other words, if $100 of bonds were 
written down to 40 percent of face value, then to satisfy 
$100 of CDS protection it would only be necessary to deliver 
into the auction the $40 of the newly written down bonds. 
This should apply also to sovereign debt (see Box 16.6). 


period. If more than one loan defaults during this period, the 
bank is compensated only for the first loan that defaults. 


If default events are assumed to be uncorrelated, the probabil- 
ity that the dealer (protection seller) will have to compensate 
the bank by paying it par—that is, $100 million—and receiving 
the defaulted loan is the sum of the default probabilities, or 

4 percent. This is approximately, at the time, the probability 

of default of a loan rated B for which the default spread was 
400 bp, or a cost of 100 bp per loan—i.e., half the cost of the 
protection for each individual name. 


Note that, in such a deal, a bank may choose to protect itself 
over a two-year period even though the loans might have a 


maturity of five years. First-to-default structures are, in essence, 
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BOX 16.8 BENEFITS OF USING CDSS 


e CDSs act to divorce funding decisions from credit risk-tak- 
ing decisions. The purchase of insurance, letters of credit, 
guarantees, and so on are relatively inefficient credit risk 
transfer strategies, largely because they do not separate 
the management of credit risk from the asset associated 
with the risk. 


e CDSs are unfunded, so it’s easy to make leveraged transac- 
tions (some collateral might be required), though this may 
also increase the risk of using CDSs. The fact that CDSs are 
unfunded is an advantage for institutions with a high fund- 
ing cost. CDSs also offer considerable flexibility in terms of 
leverage; the user can define the required degree of lever- 
age, if any, in a credit transaction. This makes credit an 
appealing asset class for hedge funds and other nonbank 
institutional investors. In addition, investors can avoid the 
administrative cost of assigning and servicing loans. 


e CDSs are customizable—e.g., their maturity may differ 
from the term of the loan. 


e CDSs improve flexibility in risk management, as 
banks can shed credit risk more easily than by selling 


400 bp on $100 million, 
Le., 100 bp for each loan 


loans. There is no need to remove the loans from the 
balance sheet. 


e CDSs are an efficient vehicle for banks to reduce risk and 
thereby free up capital. 


CDSs can be used to take a spread view on a credit. They 
offer the first mechanism by which short sales of credit 
instruments can be executed with any reasonable liquidity 
and without the risk of a “short squeeze.” 


e Dislocations between the cash and CDS markets pres- 
ent new “relative value” opportunities (e.g., trading the 
default swap basis). 


e CDSs divorce the client relationship from the risk decision. 
The reference entity whose credit risk is being transferred 
does not need to be aware of the CDS transaction. This 
contrasts with any reassignment of loans through the sec- 
ondary loan market, which generally requires borrower/ 
agent notification. 


e CDSs bring liquidity to the credit market, as they have 
attracted nonbank players into the syndicated lending and 
credit arena. 


credits—closer to the latter if correlation is low and closer 


+> 
Protection Buyer Zero 
4 = 


(Bank) No Default 


First Detautt 


to the former if correlation is high. 


Protection Seller 
(Dealer) 


A generalization of the first-to-default structure is the 
nth-to-default credit swap, where protection is given 


Par in Exchange 
for Defaulted Loan 


| Portiolio of Four High-Yield Loans, 
Rated B 


¢ $100 million nominal value each 
¢ Coupon: LIBOR + 200 bp 
* Maturity: 5 Years 


Probability of Experiencing Two Defaults = (1%)? 4 x 3/2 = 0.0006 = 0.06%' 


1 The probability that more than one loan will default is the sum of the probabilities that two, three, 


or four loans will default. The probability that three loans or four loans will default during 


the same period is infinitesimal and has been neglected in the calculation. Moreover, there 


are six possible ways of pairing loans in a portfolio of four loans. 


UCORE J First-to-default put. 


pairwise correlation plays. The yield on such structures is primar- 
ily a function of: 


e The number of names in the basket 


e The degree of correlation between the names 


The first-to-default spread will lie between the spread of the 
worst individual credit and the sum of the spreads of all the 


only to the nth facility to default as the trigger credit 


event. 


Total Return Swaps 


Total return swaps (TRSs) mirror the return on some under- 
lying instrument, such as a bond, a loan, or a portfolio of 
bonds and/or loans. The benefits of TRSs are similar to 
those of CDSs, except that for a TRS, in contrast to a CDS, 
both market and credit risk are transferred from the seller 
to the buyer. 


TRSs can be applied to any type of security—for 
example, floating-rate notes, coupon bonds, stocks, or 
baskets of stocks. For most TRSs, the maturity of the 
swap is much shorter than the maturity of the underlying 
assets—e.g., 3 to 5 years as opposed to a maturity of 

10 to 15 years. 


The purchaser of a TRS (the total return receiver) receives the 
cash flows and benefits (pays the losses) if the value of the refer- 
ence asset rises (falls). The purchaser is synthetically long the 
underlying asset during the life of the swap. 
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In a typical deal, shown in Figure 16.5, the purchaser 
of the TRS makes periodic floating payments, often 

tied to LIBOR. The party selling the risk makes peri- (seller 
odic payments to the purchaser, and these are tied 

to the total return of some underlying asset (includ- 
ing both coupon payments and the change in value 
of the instruments). We've annotated these periodic 


payments in detail in the figure. 


Since in most cases it is difficult to mark-to-market 


Bank receives 


the underlying loans, the change in value is passed 

through at the maturity of the TRS. Even at this 

point, it may be difficult to estimate the economic 

; ; Bank pays 
value of the loans, which may still not be close to 
maturity. This is why in many deals the buyer is 
required to take delivery of the underlying loans at a 


price Po, which is the initial value. 


At time T, the buyer should receive Py — Po if this 
amount is positive and pay Po — Py otherwise. By 
taking delivery of the loans at their market value 
P;, the buyer makes a net payment to the bank of 
Py in exchange for the loans. 


In some leveraged TRSs, the buyer holds the 
explicit option to default on its obligation if the 
loss in value Po — Pr exceeds the collateral accu- 
mulated at the expiration of the TRS. In that case, 


Total loan return 


the buyer can simply walk away from the deal, 
abandon the collateral to the counterparty, and 
leave the counterparty to bear any loss beyond 
the value of the collateral (Figure 16.6). 


A total return swap is equivalent to a synthetic 
long position in the underlying asset for the 
buyer. It allows for any degree of leverage, and 
therefore it offers unlimited upside and downside 
potential. It involves no exchange of principal, no legal change 
of ownership, and no voting rights. 


In order to hedge both the market risk and the credit risk of the 
underlying assets of the TRS, a bank that sells a TRS typically 
buys the underlying assets. The bank is then exposed only to 
the risk of default of the buyer in the total return swap trans- 
action. This risk will itself depend on the degree of leverage 
adopted in the transaction. If the buyer fully collateralizes the 
underlying instrument, then there is no risk of default and the 
floating payment should correspond to the bank's funding cost. 
If, on the contrary, the buyer leverages its position, say, 10 times 
by putting aside 10 percent of the initial value of the underlying 
instrument as collateral, then the floating payment is the sum of 
the funding cost and a spread. This corresponds to the default 


Bank 


risk) 


(seller of credit risk) 


$10 million loan 


Total loan return: 
coupon + price appreciation 


Buyer 


(buyer of credit 
risk) 


of credit 


LIBOR + x bp 
+ price depreciation 


Cash flows for a TRS 


LIBOR + x 
A 


LIBOR + x LIBOR + x + Po- Pr if Po > Py 
A 


C = coupon 
Po = market value of asset (e.g., loan portfolio) at inception (time 0) 
P- = market value of asset (e.g., loan portfolio) at the maturity of the TRS (time T) 


Both market risk and credit risk are transferred in a TRS 


| Figure 16.5 | Generic Total Return Swap (TRS). 


Total loan return: 
Coupon + price appreciation 


Bank Buyer 


(buyer of credit risk) 


LIBOR + x basis points 
+ price depreciation 


LIBOR 
(funding rate) 


XYZ Corp 


Collateral 
$1 million 


Leveraged Total Return Swap (TRS). 


premium and compensates the bank for its credit exposure with 
regard to the TRS purchaser. 


Asset-Backed Credit-Linked Notes 


An asset-backed credit-linked note (CLN) embeds a default 
swap in a security such as a medium-term note (MTN). There- 
fore, a CLN is a debt obligation with a coupon and redemption 
that are tied to the performance of a bond or loan, or to the 
performance of government debt. It is an on-balance-sheet 
instrument, with exchange of principal; there is no legal change 
of ownership of the underlying assets. 


Unlike a TRS, a CLN is a tangible asset and may be leveraged 
by a multiple of 10. Since there are no margin calls, it offers its 
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Structure: 


e Investor seeks $105 million of exposure with a leverage ratio of 7, i.e., while investing 


only $15 million in collateral. 
Investor purchases $15 million of CLN issued by a trust. 


LIBOR + 250 bps on average. 


on $105 million to cover default risk beyond $15 million. 


U.S. Treasury Notes 
$15 million 
Coupon = 6.5% 


- Trust 
LIBOR + 250 bps! 


$105 million 
Non-invesiment-grade loans 
Coupon = LIBOR + 250 bps 


CLN Certificate 
100 bp to cover default 
risk of investor 


Financing cost: LIBOR on $105 million 


e Coupon spread on non-investment-grade loans: 250 bp 

e Leveraged yield: 6.5% (U.S. T-notes) + 150 bp x 7 (leverage multiple) = 17% 
e Option premium (default risk of investor) = 100 bp 

e Leverage: 7 


YA Asset-backed Credit-Linked Note (CLN). 


investors limited downside and unlimited upside. Some CLNs 
can obtain a rating that is consistent with an investment-grade 
rating from agencies such as Fitch, Moody's, or Standard & 
Poor's. 


Figure 16.7 presents a typical CLN structure. The bank buys the 
assets and locks them into a trust. In the example, we assume 
that $105 million of non-investment-grade loans with an aver- 
age rating of B, yielding an aggregate LIBOR + 250 bp, are 
purchased at a cost of LIBOR, which is the funding rate for the 
bank. The trust issues an asset-backed note for $15 million, 
which is bought by the investor. The proceeds are invested 

in U.S. government securities, which are assumed to yield 

6.5 percent and are used to collateralize the basket of loans. 
The collateral in our example is 15/105 = 14.3 percent of the 
initial value of the loan portfolio. This represents a leverage 
multiple of 7 (105/15 = 7). 


The net cash flow for the bank is 100 bp—that is, LIBOR + 250 bp 
(produced by the assets in the trust) minus the LIBOR cost of 
funding the assets minus the 150 bp paid out by the bank to the 
trust. This 100 bp applies to a notional amount of $105 million 


Trust receives $105 million of non-investment-grade loans that are assumed to yield 


$15 million CLN proceeds are invested in U.S. Treasury notes that yield 6.5%. 
Bank finances the $105 million loans at LIBOR and receives from the trust LIBOR + 100 bps 


$15 milion 


and is the bank’s compensation for retain- 
ing the risk of default of the asset portfolio 
above and beyond $15 million. 


The investor receives a yield of 17 percent 
(i.e., 6.5 percent yield from the collateral 

of $15 million, plus 150 bp paid out by the 
bank on a notional amount of $105 million) 
on a notional amount of $15 million, in addi- 
tion to any change in the value of the loan 
portfolio that is eventually passed through 
to the investor. 


In this structure there are no margin calls, 
and the maximum downside for the inves- 
tor is the initial investment of $15 million. If 
the fall in the value of the loan portfolio is 
greater than $15 million, then the investor 
defaults and the bank absorbs any addi- 
tional loss beyond that limit. For the inves- 
tor, this is the equivalent of being long a 
credit default swap written by the bank. 


A CLN may constitute a natural hedge to 

a TRS in which the bank receives the total 
return on a loan portfolio. Different varia- 
tions on the same theme can be proposed, 
such as compound credit-linked notes 
where the investor is exposed only to the 
first default in a loan portfolio. 


Spread Options 


Spread options are not pure credit derivatives, but they do have 
creditlike features. The underlying asset of a spread option is 
the yield spread between a specified corporate bond and a 
government bond of the same maturity. The striking price is 

the forward spread at the maturity of the option, and the payoff 
is the greater of zero or the difference between the spread at 
maturity and the striking price, times a multiplier that is usually 
the product of the duration of the underlying bond and the 
notional amount. 


Investors use spread options to hedge price risk on specific 
bonds or bond portfolios. As credit spreads widen, bond prices 


decline (and vice versa). 


16.8 CREDIT RISK SECURITIZATION 


In this section, we offer a quick introduction to the basics of 
securitization and a recap on key themes in the ongoing 
attempts to reform and revitalize the securitization markets 
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BOX 16.9 KEY SECURITIZATION MARKET REFORMS: AN ONGOING PROCESS 


Mending the failings of the securitization industry that helped 
provoke the 2007-2009 crisis is seen as crucial by both the 
industry and its regulators if key securitization markets are to 
be revived in a healthier form. | 


Securitization markets are highly varied in terms of their juris- 
diction, regulatory authorities, and underlying assets, and 
one of the challenges of the reform process has been to pro- 
duce a reasonably consistent response (e.g., in Europe versus 
the United States) rather than a patchwork of local rules. The 
reform process has also been slow, beginning in 2009 and 
continuing through 2013 and beyond. 


However, in the years since the crisis, both the industry and 
its regulators have begun changing industry practices in the 
following key areas: 


e Risk retention. There is general agreement that origina- 
tors (e.g., banks) need to retain an interest in each of 
their securitizations, to make sure they have some “skin in 
the game.” Examples of reforms include rules in Europe 
preventing credit institutions from investing unless an 
originating party keeps 5 percent or more of the economic 
interest. The U.S. agencies require a similar level of reten- 
tion, though the rules focus on the sponsor rather than the 
investor and there are important exemptions for securitiza- 
tions based on assets of apparently higher credit quality. 


e Disclosure and transparency. Disclosure requirements and 
proposed disclosures vary across regions and markets, but 
they cover issues such as the cash flow or “waterfall” 
structuring of the securitization, trigger events, collateral 
support, key risk factors, and so on. Two key post-crisis 
issues are the granularity (or level of detail) of information 
given to investors about the assets that underlie the secu- 
ritization and the amount and kind of information that 
should be given to investors to allow them to understand 
(or independently analyze) what might happen in a 
stressed scenario.” 


1 For example, see Basel Committee, Report an Asset Securitization 
Incentives, July 2011. 


2 In the United States, the securitization industry has launched Proj- 
ect Restart to agree and promote improved standards of reporting 
on the composition of underlying asset pools and their ongoing 
performance. 


e Rating agency role. The main worries here are that inves- 


tors rely too heavily on rating agencies, that agencies 

suffer from conflicts of interest, and also that securitiz- 

ing banks “shop around” among the competing rat- 

ing agencies to find the agency that offers the highest 

rating. A number of measures are being considered to 

reduce these issues, including obliging or pushing agen- 

cies to: 

e Publish details of their rating methodologies, proce- 
dures, and assumptions 


e Distinguish clearly between securitization ratings and 
other kinds of ratings 


e Make rating agencies more accountable (e.g., to the 
SEC in the United States) 


e Adopt mechanisms that discourage ratings shopping 


e Reduce the chance that conflicts of interest will affect 
rating decisions (e.g., keeping rating analysts away 
from fee discussions) 


e Capital and liquidity requirements. Various aspects of 


Basel Ill reforms are intended to tighten up the treatment 
of securitization, and proposed revisions will substantially 
increase capital requirements. Resecuritizations, in particu- 
lar, attract much higher capital charges, and securitization 
liquidity facilities are charged a higher credit conversion 
factor (CCF)—i.e., 50 percent instead of 20 percent in 
Basel Il Standardized Approach.? 


Sources: IOSCO, Global Developments in Securitiza- 

tion Regulation, Final Report. November 16, 2012; IMF, 
Global Financial Stability Report, October 2009, Chapter 
2: “Restarting Securitization Markets: Policy Proposals and 
Pitfalls.” 


3 In December 2012, the Basel Committee launched a consultative 
paper that proposed a major overhaul of the regulatory treatment of 
securitization. (Basel Committee on Ranking Supervision, Revisions 
to the Basel Securitization Framework, Consultative Document, BIS, 
December 2012.) 


je 


the present but that are still “in play” in the portfolios of finan- 
cial institutions (and that remain of historical interest because of 


their role in provoking the 2007-2009 crisis). 


(Box 16.9).'© Then we describe the different types of 
instruments, including some that are not used for securitizing at 


loans, while credit cards receivables account for almost 20 percent. 
In Europe, new Issuance totaled €228 billion in 2011, down from a 
peak of €700 billion in 2008. More than half of the new issuances are 
RMBS (residential mortgage-backed securities). See IOSCO, Global 
Developments in Securitization Regulation, November 16, 2012, 

pp. 11-12. 


16 The market for securitization is recovering faster in the United States 
than in Europe, where it is still depressed. According to a report by 
IOSCO (International Organization of Securities Commissions), in the 
United States, new issuance totaled $124 billion in 2011 and increased 
to reach $100 billion in the first half of 2012, down from a peak in 

2006 of $753 billion. Half of these new issuances are backed by auto 
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Basics of Securitization 


Securitization is a financing technique whereby a company, the 
originator, arranges for the issuance of securities whose cash 
flows are based on the revenues of a segregated pool of 
assets—e.g., corporate investment-grade loans, leveraged 
loans, mortgages, and other asset-backed securities (ABS) such 
as auto loans and credit card receivables." 


Assets are originated by the originator(s) and funded on the 
originator’s balance sheet. Once a suitably large portfolio of 
assets has been originaled, the assets are analyzed as a portfolio 
and then sold or assigned to a bankruptcy-remote 
company—i.e., a special purpose vehicle (SPV) company formed 
for the specific purpose of funding the assets. '® The pool of 
loans is therefore taken off the originator's balance sheet. Alter- 
natively, loans can be bought from other financial institutions. 


The SPY issues tradable “securities” to fund the purchase of the 
assets. These securities are claims against the underlying pool 
of assets. The performance of these securities is directly linked 
to the performance of the assets and, in principle, there is no 
recourse back to the originator. 


Tranching is the process of creating notes of various seniorities 
and risk profiles, including senior and mezzanine tranches and 
an equity (or first loss) piece. As a result of the prioritization 
scheme, also known as the “waterfall,” used in the distribution 
of cash flows to the tranche holders, the most senior tranches 
are far safer than the average asset in the underlying pool. 
Senior tranches are insulated from default risk up to the point 
where credit losses deplete the more junior tranches. Losses 
on the mortgage loan pool are first applied to the most junior 
tranche until the principal balance of that tranche is completely 
exhausted. Then losses are allocated to the most junior tranche 
remaining, and so on. 


This ability to repackage risks and create apparently “safe” 
assets from otherwise risky collateral led to a dramatic expan- 
sion in the issuance of structured securities, most of which were 
regarded by investors as virtually free of risk and certified as 
such by the rating agencies. Figure 16.8 gives a graphical repre- 
sentation of the securitization process. 


Securitization of Corporate Loans and 
High-Yield Bonds 


Collateralized loan obligations (CLOs) and collateralized bond 
obligations (CBOs) are simply securities that are collateralized 


17 The borrower may be unaware of this, as the lender normally 
continues to be the loan servicer. 


18 The SPVs are also known as SIVs (special investment vehicles). 


SPV (Special Purpose Vehicle) 


| Assets 


Collateral (pool of assets): 


- Corporate investment- 
grade loans 
- Leveraged loans 


- Mortgages 
- ABS (auto loans, credit 
card receivables, ...) 


Junior/Equity 


StelVig-MmieM:6 Securitization of financial assets. 


by means of high-yield bank loans and corporate bonds. (CLOs 
and CBOs are also sometimes referred to generically as collat- 
eralized debt obligations, or CDOs.) Banks that use these instru- 
ments can free up regulatory capital and thus leverage their 
intermediation business. 


A CLO (CBO) is potentially an efficient securitization structure 
because it allows the cash flows from a pool of loans (or bonds) 
rated at below investment grade to be pooled together and pri- 
oritized, so that some of the resulting securities can achieve an 
investment-grade rating. This is a big advantage because a 
wider range of investors, including insurance companies and 
pension funds, are able to invest in such a “senior class” of 
notes. The main differences between CLOs and CBOs are the 
assumed recovery values for, and the average life of, the under- 
lying assets. Rating agencies generally assume a recovery rate of 
30 to 40 percent for unsecured corporate bonds, while the rate 
is around 70 percent for well-secured bank loans. Also, since 
loans amortize, they have a shorter duration and thus present a 
lower risk than their high-yield bond counterparts. It is therefore 
easier to produce notes with investment-grade ratings from 
CLOs than it is from CBOs. 1? 


Figure 16.9 illustrates the basic structure of a CLO. A special 
purpose vehicle (SPV) or trust is set up, which issues, say, three 


1? Despite some rating downgrades (then upgrades), CLO credit quality 
was relatively robust during and after the financial crisis of 2007-2009. 
The market was largely dormant immediately after the crisis, but vol- 
umes of new CLOs began to grow quite quickly through 2011 and 
2012. Post-crisis CLOs tend to protect their senior tranches with higher 
levels of subordination and with generally stricter terms. See Standard 
& Poor's Rating Services, “CLO Issuance Is Surging, Even Though the 
Credit Crisis Has Changed Some of the Rules,” CDO Spotlight, August 
2012. 
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Assets 
Collateral 
$1,000 million 
50 senior secured bank loans 


diversified by issuer and 
industry 


B1 average rating 


20 industries with 8% 
maximum industry 
concentration 


4% maximum single-name 
concentration 


LIBOR + 250 bp 


Liabilities 
Class A 


Senior secured notes 
$840 million 

LIBOR + 38 bp 

Aa3 rating 

12-year maturity 


Class B 


Second senior secured notes 
$70 million 

Treasury + 1.7% 

Baa3 rating 

12-year maturity 


Equity Tranche 


Subordinated notes 
$90 million 
Residual claim 


Thereafter, the three classes of notes are pro- 
gressively redeemed as cash flows materialize. 


The issued notes consist of three tranches: two 
senior secured classes with an investment-grade 
rating and an unrated subordinated class or 
equity tranche. The equity tranche is in the first- 
loss position and does not have any promised 
payment; the idea is that it will absorb default 
losses before they reach the senior investors. 


In our example, the senior class A note is rated 
Aa3 and pays a coupon of LIBOR + 38 bp, 
which is more attractive than the sub-LIBOR 
coupon on an equivalent corporate bond with 
the same rating. The second senior secured 
class note, or mezzanine tranche, is rated Baa3 
and pays a fixed coupon of Treasury + 1.7 per- 


Six-year weighted average life 


12-year maturity 


| Figure 16.9 | Typical Collateralized Loan Obligation (CLO) structure. 


types of securities: senior secured class A notes, senior secured 
class B notes, and subordinated notes or an “equity tranche.” 
The proceeds are used to buy high-yield notes that constitute 
the collateral. In practice, the asset pool for a CLO may also 
contain a small percentage of high-yield bonds (usually less than 
10 percent). The reverse is true for CBOs: they may include up 
to 10 percent of high-yield loans. 


A typical CLO might consist of a pool of assets containing, 

say, 50 loans with an average rating of, say, B1 (by reference 

to Moody's rating system). These might have exposure to, say, 
20 industries, with no industry concentration exceeding, say, 

8 percent. The largest concentration by issuer might be kept to, 
say, under 4 percent of the portfolio’s value. In our example, the 
weighted-average life of the loans is assumed to be six years, 
while the issued notes have a stated maturity of 12 years. The 
average yield on these floating-rate loans is assumed to be 
LIBOR + 250 bp. 


The gap in maturities between the loans and the CLO structure 
requires active management of the loan portfolio. A qualified 
high-yield loan portfolio manager must be hired to actively 
manage the portfolio within constraints specified in the legal 
document. During the first six years, which is called the reinvest- 
ment or lockout period, the cash flows from loan amortization 
and the proceeds from maturing or defaulting loans are rein- 
vested in new loans. (As the bank originating the loans typically 
remains responsible for servicing the loans, the investor in loan 
packages should be aware of the dangers of moral hazard and 
adverse selection for the performance of the underlying loans.) 


cent for 12 years. Since the original loans pay 
LIBOR + 250 bp, the equity tranche offers an 
attractive return as long as most of the loans 


underlying the notes are fully paid. 


The rating enhancement for the two senior classes is 
obtained by prioritizing the cash flows. Rating agencies such 
as Fitch, Moody's, and Standard & Poor's have developed 
their own methodologies for rating these senior class notes. 
(Appendix 16.1 discusses why agency ratings of CDOs in the 
run up to the 2007-2009 financial crisis were misleading.) 


There is no such thing as a free lunch in the financial markets, 
and this has considerable risk management implications for 
banks issuing CLOs and CBOs. The credit enhancement of 
the senior secured class notes is obtained by simply shifting 
the default risk to the equity tranche. According to simulation 
results, the returns from investing in this equity tranche can 
vary widely: from —100 percent, with the investor losing every- 
thing, to more than 30 percent, depending on the actual rate 
of default on the loan portfolio. Sometimes the equity tranche 
is bought by investors with a strong appetite for risk, such as 
hedge funds, either outright or more often by means of a total 
return swap with a leverage multiple of 7 to 10. But most of the 
time, the bank issuing a CLO retains this risky first-loss equity 
tranche. 


The main motivation for banks that issued CLOs in the period 
before the 2007-2009 crisis was thus to arbitrage regulatory 
capital: it was less costly in regulatory capital terms to hold 

the equity tranche than to hold the underlying loans. However, 
while the amount of regulatory capital the bank has to put aside 
might fall, the economic risk borne by the bank was not neces- 
sarily reduced at all. Paradoxically, credit derivatives, which 
offer a more effective form of economic hedge, received little 
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regulatory capital relief. This form of regulatory arbitrage won't 
be allowed under the new Basel Accord. 


The Special Case of Subprime CDOs 


While CDO collateral pools can consist of various forms of debt, 
such as bonds, loans, or synthetic exposures through CDS 
(credit default swaps), subprime CDOs were based on struc- 
tured credit products such as tranches of subprime residential 
mortgage-backed securities (RMBS) or of other CDOs.”° 


A typical subprime trust is composed of several thousand indi- 
vidual subprime mortgages, typically around 3,000 to 5,000 
mortgages, for a total amount of approximately $1 billion.2' The 
distribution of losses in the mortgage pool is tranched into 


20 Issuance of these credit products increased dramatically after 2004, 
leading up to the financial crisis of 2007-2009. They represented 

49 percent of the $560 billion worth of CDO issuance in 2006, up from 
40 percent in 2004. 


21 “Subprime” mortgages are mortgages to less creditworthy borrow- 
ers. A rule of thumb is that a subprime mortgage is a home loan to 
someone with a credit FICO score of less than 620. Subprime borrow- 
ers have limited credit history or some other form of credit impairment. 
Some lenders classify a mortgage as subprime when the borrower has a 
credit score as high as 680 if the down payment is less than 5 percent. 
Alt-A borrowers fall between subprime and prime borrowers. They have 
credit scores sufficient to qualify for a conforming mortgage but do not 
have the necessary documentation to substantiate that their assets and 
income can support the requested loan amount. 


Prior to 2005, subprime mortgage loans accounted for approximately 

10 percent of outstanding mortgage loans. By 2006, subprime mortgages 
represented 13 percent of all outstanding mortgage loans, with origina- 
tion of subprime mortgages totaling $420 billion (according to Standard 
& Poor's). This represented 20 percent of new residential mortgages, 
compared to the historical average of 8 percent. By July 2007, there was 
an estimated $1.4 trillion of subprime mortgages outstanding. 


Subprime mortgages that required little or no down payment, as well as 
no documentation of the borrower's income, were known as “liar loans” 
because people could safely lie on their mortgage application, know- 
ing there was little chance their statements would be checked. They 
accounted for 40 percent of the subprime mortgage issuance in 2006, 
up from 25 percent in 2001. (These loans were also called NINJA, with 
reference to applicants who had No Income, No Job, and no Assets.) 


This phenomenon was aggravated by the incentive compensation sys- 
tem for mortgage brokers, which was based on the volume of loans 
originated rather than their performance, with few consequences for 
the broker if a loan defaulted within a short period. Originating brokers 
had little incentive to perform due diligence and monitor borrowers’ 
creditworthiness, as most of the subprime loans originated by brokers 
were subsequently securitized. Fraud was also identified among some 
brokers—e.g., inflating the declarations of some applicants to make 

it possible for the applicant to obtain a loan. See M. Crouhy, “Risk 
Management Failures During the Financial Crisis,” in D. Evanoff. P. Hart- 
mann, and G. Kaufman, eds., The First Credit Market Turmoil of the 2lst 
Century: Implications for Public Policy, World Scientific Publishing, 2009, 
pp. 241-266. 


different classes of residential mortgage-backed securities 
(RMBS) from the equity tranche, typically created through over- 
collateralization, to the most senior tranche, rated triple-A. A 
subprime CDO is therefore a CDO-squared, with a pool of 
assets composed of RMBS bonds rated double-B to double-A, 
with an average rating of triple-B.** Figure 16.10 illustrates the 
difference between the securitization of asset-backed securities 
such as mortgages, taking the form of a CDO-squared, and the 
more straightforward securitization of corporate loans in the 
form of a CLO. 


In a typical subprime CDO, approximately 75 percent of the 
tranches benefit from a triple-A rating. On average, the mezza- 
nine part of the capital structure accounts for 20 percent of the 
securities issued by the SPY and is rated investment grade; the 
remaining 5 percent is the equity tranche (first loss) and remains 
unrated. 


Re-Remics 


Re-Remics are a by-product of the crisis. Many AAA-rated CDO 
tranches were downgraded during the subprime crisis; however, 
some investors can only retain these securities if the securities 
maintain their AAA rating. In addition, maintaining a AAA rating 
can save a substantial amount of regulatory capital. For example, 
the Basel 2.5 risk weighting of a BB-rated tranche is 350 percent 
under the standardized approach, while it is only 40 percent for 


a AAA-rated resecuritization.2? 


Re-Remics consist of resecuritizing senior mortgage-backed 
securities (MBS) tranches that have been downgraded from 
their initial AAA rating. Only two tranches are issued: a senior 
AAA tranche for approximately 70 percent of the nominal and 
an unrated mezzanine tranche for around 30 percent of the 
nominal. 


Given the new regulatory capital regime, the total risk weight 
would decline from 350 percent (assuming the collateral is rated 
BB) to 


70% X 40 + 30% X 650 = 223 percent 


22 As discussed earlier, there was a huge demand for AAA~rated senior 
and super-senior tranches of CDOs from institutional investors because 
these tranches offered a higher yield than traditional securities with 
equivalent ratings—e.g., corporate and Treasury bonds. Hedge funds 
were the main buyers of the equity tranches. The high interest rate 

paid on these tranches meant they would pay a good return so long 

as defaults in the underlying asset pool occurred late in the life of the 
CDO. Mezzanine tranches, with an average rating of BBS, were harder 
to distribute, so banks securitized these tranches in new CDOs, referred 
to as “CDO-squareds.” 


23 Basel Committee on Banking Supervision, Enhancements to the Basel II 
Framework, Bank for International Settlements, July 2009. 
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Figure 16.11 | Capital structure of a synthetic CDO. 


where 70 percent and 30 percent are the size of the AAA and 
mezzanine tranches, respectively, and 40 and 650 are the risk 
weights for the resecuritization exposures rated AAA and 
unrated, respectively. 


Synthetic CDOs 


In a traditional CDO, also called a “cash-CDO,"” the credit assets 
are fully cash funded using the proceeds of the debt and equity 
issued by the SPV; the repayment of obligations is tied directly 
to the cash flows arising from the assets. Figure 16.9 offers an 
example of this kind of structure—in this case the example of a 
CLO, one of the main types of CDO. A synthetic CDO, by con- 
trast, transfers risk without affecting the legal ownership of the 
credit assets. This is accomplished through a series of CDSs. 


oqo sgy əuuezzəyy 


$50 Million Credit Risk Transfer 2 


Credit-Linked Notes 
($50 million) - 


ES 
<—— [senor noes] 


The sponsoring institution transfers the credit 
risk of the portfolio of credit assets to the 
SPV by means of the CDSs, while the assets 
themselves remain on the balance sheet of 
the sponsor. In the example in Figure 16.11, 
the right-hand side is equivalent to the cash 
CDO structure presented in Figure 16.9, 
except that it applies to only 10 percent of 
the pool of reference assets. The left-hand 
side shows the credit protection in the form 
of a “super senior swap” provided by a 
highly rated institution (a role that used to be 
performed by monoline insurance companies 
before the subprime crisis). 


The SPV typically provides credit protec- 
tion for 10 percent or less of the losses on 
the reference portfolio. The SPY, in turn, 
issues notes in the capital markets to cash 
collateralize the portfolio default swap with 
the originating entity. The notes issued can 
include a nonrated equity piece, mezzanine 
debt, and senior debt, creating cash liabili- 
ties. Most of the default risk is borne by the 
investors in these notes, with the same risk 
= hierarchy as for cash CDOs—i.e., the equity 


y 


Investors tranche holders retain the risk of the first set 
of losses, and the mezzanine tranche holders 


are exposed to credit losses once the equity 


Mezzanine 
Junior Notes 


Equity Notes 


or highl nterparty vi nior 
meee to a highly rated counterparty via a senio 


tranche has been wiped out. The remainder 
of the risk, 90 percent, is usually distributed 


swap. 


Before the 2007-2009 financial crisis, rein- 

surers and insurance monoline companies, 
which typically had AAA credit ratings, exhibited a strong appe- 
tite for this type of senior risk, often referred to as super-senior 
AAAs. The initial proceeds of the equity and notes are invested 
in highly rated liquid assets. 


If an obligor in the reference pool defaults, the trust liquidates 
investments in the trust and makes payments to the originating 
entity to cover the default losses. This payment is offset by a 
successive reduction in the equity tranche and then the mez- 
zanine tranche; finally, the super-senior tranches are called on to 


make up the losses. 


Single-Tranche CDOs 


The terms of a single-tranche CDO are similar to those of a 
tranche of a traditional CDO. However, in a traditional CDO, 
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Dealer Dynamically 


Markit, a financial information services 
company, owns and manages these credit 


Delta Hedging with CDSs meee i ener 
indices, which are the only credit indices 
CDS 1 Single-Name CDS supported by all major dealer banks and 
CDS2 P buy-side investment firms (Figure 16.13). 
TL - eem ; ' m RTA 
beeen CDS Peer Credit The two major families of credit indices 
; ortfolio Protecti ; : 
Sa Premium Gigt 2 are CDX for North America and emerging 
= [Tranche 5} cient | : : 
markets and iTraxx for Europe and Asia. 
CDS LIBOR + ae: : A: 
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p:a: ing multiple sectors. The main indices are 
CDX North American Investment Grade 


UCAF Single-tranche CDO. 


the entire portfolio may be ramped up, and the entire capital 
structure may be distributed to multiple investors. In a single- 
tranche CDO, only a particular tranche, tailored to the client's 
needs,?^ is issued, and there is no need to build the actual 
portfolio, as the bank will hedge its exposure by buying or 
selling the underlying reference assets according to hedge 
ratios produced by its proprietary pricing model. 


In the structure described in Figure 16.12, for example, the 
client has gained credit protection for a mezzanine or middle- 
ranking tranche of credit risk in its reference portfolio but con- 
tinues to assume both the first-loss (equity) risk tranche and 
the most senior risk tranche. The biggest advantage of this 
kind of instrument is that it allows the client to tailor most of 
the terms of the transaction. The biggest disadvantage tends 
to be the limited liquidity of tailored deals. Dealers who create 
single-tranche CDOs have to dynamically hedge the tranche 
they have purchased or sold as the quality and correlation of the 
portfolio change. 


Credit Derivatives on Credit Indices 


Credit trading based on indices (“index trades”) had become 
popular before the crisis and is still active, although there is 

less activity for index tranches. The indices are based on a large 
number of underlying credits, and portfolio managers can there- 
fore use index trades to hedge the credit risk exposure of a 
diversified portfolio. Index trades are also popular with holders 
of CDO tranches and CLNs who need to hedge their credit risk 


exposure. 


There are several families of credit default swap indices that 
cover loans as well as corporate, municipal, and sovereign debt 


across Europe, Asia, North America, and emerging markets. 


24 The client can be a buyer or a seller of credit protection. The bank is 
on the other side of the transaction. 


(CDX.NA.IG), with 125 equally weighted 

North American names; CDX North America 
Investment Grade High Volatility (30 names from CDX.NA.IG); 
and CDX North America High Yield (100 names). Similarly, for 
Europe there is an iTraxx Investment Grade index, which com- 
prises 125 equally weighted European names. The iTraxx Cross- 
over index comprises the 40 most liquid sub-investment-grade 
European names. 


These indices trade 3-, 5-, 7- and 10-year maturities, and a new 
series is launched every six months on the basis of liquidity. 


Like CDOs, iTraxx and CDX are tranched, with each tranche 
absorbing losses in a predesignated order of priority. The 
tranching is influenced by the nature of the respective geo- 
graphic markets. For example, CDX.NA.IG tranches have been 
broken down according to the following loss attachment points: 
0-3 percent (equity tranche), 3-7 percent, 7-10 percent, 10-15 
percent, 15-30 percent, and 30-100 percent (the most senior 
tranche), as illustrated in Figure 16.14. For iTraxx, the corre- 
sponding tranches are 0-3 percent, 3-6 percent, 6-9 percent, 
9-12 percent, 12-22 percent, and 22-100 percent. The tranch- 
ing of the European and U.S. indices is adjusted so that tranches 
of the same seniority in both indices receive the same rating. 
The tranches of the U.S. index are thicker because the names 
that compose the U.S. index are on average slightly more risky 
than the names in the European index. 


There is currently a limited active broker market in tranches of 
both the iTraxx and the CDX.NA.IG, with 3- and 5-year tranches 
quoted on both indices. There is also activity in the 3- and 
5-year tranches of the HY CDX. 


The quotation of each tranche is made of two components: 
the “upfront” payment and a fixed “coupon” paid on a quar- 
terly basis. These quotes are also converted in an equivalent 
“spread.” At the end of August 2013, for example, the junior 
mezzanine tranche for the iTraxx index (tenor 5 years, Series 
19, issued in March 2013) was quoted at an equivalent spread 
of 521 bp. The annualized cost for an investor who bought 
the junior mezzanine tranche of a $1 billion iTraxx portfolio at 
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Structured Finance US Markit ABX, CMBX, PrimeX, 
IOS, PO, MBX, TRX 
Synthetic Credit Loans US Markit LCDX 
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Key features of the indices 


Index # Entities (1) Roll Dates Maturity in years (2) Credit Events 


CDX IG 125 3/20-9/20 1,2,3,5,7,10 Bankruptcy, Failure to Pay 
HVOL 30 3/20—9/20 1.2,3,5,7.10 
HY 100 3/27-9/27 3,5,7,10 
XO 35 3/20-9/20 3,5,7,10 
EM 15 (variable) 3/20—9/20 5 Bankruptcy, Failure to Pay, 
EM Diversified 40 3/20-9/20 5 Restructuring, 
iTraxx Europe Europe 125 3/20-9/20 3,5,7,10 Bankruptcy, Failure to Pay, 
- Non financials 100 3/20-9/20 5,10 Restructuring 
— Senior financials 25 3/20-9/20 5,10 
— Sub financials 25 3/20-9/20 5,10 
-High volatility 30 2/20-9/20 3,5,7,10 
Crossover 40 3/20—9/20 3,5,7,10 
Traxx Asia Japan 50 3/20—9/20 5 Bankruptcy, Failure to Pay, 
Asia ex-Japan IG 50 3/20-9/20 5 Restructuring 
Asia ex-Japan HY 20 3/20-9/20 5 
Australia 25 3/20—9/20 5 
ITraxx Sovx _Western Europe 15 3/20-9/20 5,10 Failure to Pay, Restructuring 
CEEMEA 15 3/20-9/20 5,10 Reoudiation/Moratorium 
Asia Pacific 10 3/20--9/20 5,10 
Latin America’ 8 3/20-—9/20 5,10 
G7* Up to 7 3/20-9/20 5,10 
Global Liquid IG" 11 to 27 3/20-9/20 §,10 
BRIC* Up to 4 3/20-9/20 5,10 
MCDX MCDX 50 credits 4/3-10/3 3,5,10 Failure to Pay, Restructuri 
LCDX LCDX 100 4/3-10/3 5 Bankruptcy, Failure to Pay 
ITraxx LevX LevX Senior 40 3/20—9/20 5 Bankruptcy, Failure to Pay, 


Restructuring 


1. All indices are equally weighted, except for CDX.EM. and Traxx SovXCEEMEA. 

2. Exact maturity is June 20th for the indices rolling on March 20th, March 27th and April 3rd and December 
20th for indices rolling on September 20th, September 27th and October 3rd to coincide with IMM roll dates. 

3. “Theoretical Indices. 


CGITZSIREJ] Markit credit indices and their key features. 


Source: Markit. 


looking to trade credit volatility and take views on 
the direction of credit using options. 


16.9 SECURITIZATION FOR 
FUNDING PURPOSES ONLY 


For some years after the 2007-2009 financial 
crisis—triggered by problems in the subprime 
lending markets—investors remained wary 
about credit-linked investments. In the same 
period, funding became a major issue for banks 
because confidence in the financial system, 

and bank soundness, had also been severely 
damaged. 


As securitization with credit risk transfer ground 
to a halt, banks began to use different kinds of 
funding vehicles in which all, or virtually all, of the 
credit risk remains with the bank. Below are two 
examples of such funding structures. 


Covered Bonds 


Covered bonds are debt obligations secured by 

a specific reference portfolio of assets. However, 
covered bonds are not true securitization instru- 
ments, as issuers are fully liable for all interest and 
principal payments; thus, investors have “double” 
protection against default, as they have recourse 
to both the issuer and the underlying loans. The 
“cover pool” of loans is legally ring-fenced on the 
issuer's balance sheet. Covered bonds are essen- 
tially a funding instrument, as no risk is transferred 
from the issuer to the investor. 


In Europe, financial institutions have used cov- 
ered bonds extensively to finance their mortgage 
lending activity—e.g., the German “Pfandbriefe,” 
examined below, and the French “Obligations 
Foncieres.” According to the IMF, the covered 
mortgage bond market in Europe in 2009 
constituted a $3 trillion market—i.e., 40 percent of 


521 bp would be 521 bp annually on $30 million (3 percent 
of $1 billion); in return, the investor would receive from the 
seller for any and all losses between $30 and $60 million of 
the $1 billion underlying iTraxx portfolio (representing the 
3-6 percent tranche). 


Options have been traded on iTraxx and CDX to meet the 
demand from hedge funds and proprietary trading desks 


European GOP. 


While these instruments are not new, the 2007-2009 financial 
crisis reignited interest in this alternative source of capital market 
funding. In addition, the European Central Bank (ECB) launched a 
£60 billion covered bond purchase program in May 2009 (effective 
from July 2009 to July 2010), which had a strong positive impact 
on the volume of issuance and also led to narrower spreads. 


Chapter 16 The Credit Transfer Markets—and Their Implications E 345 


CDX.NA.IG Tranched CDX.NA.IG 
Super Senior 30-100% 
Tranche of loss 
125 Equally A Junior Super 15-30% 
Weighted | » Senior Tranche 
Name CDSs Y 
AAA+ Tranche 10-15% 
AAA Tranche 7-10% 
Junior Mezzanine s 
(BBB) PT 
Equity Tranche 0-3% 


PUCMACI Tranched U.S. index of investmentgrade 
names: CDX.NA.IG. 


Pfandbriefe2> 


A Pfandbrief bank is a German bank that issues covered bonds 
under the German Pfandbrief Act. These bonds, or Pfandbriefe, 
are AAA- or AA-rated bonds backed by a cover pool that 
includes long-term assets such as residential and commercial 
mortgages, ship loans, aircraft loans, and public sector loans. 


Loans are reported in the Pfandbrief bank's balance sheet as 
assets in specific cover pools. Cover assets remain on the bal- 
ance sheet and are supervised by an independent administra- 
tor. Pfandbriefe are collateralized by the cover assets and are 
subject to strict quality requirements—e.g., regional restric- 
tions, senior loan tranches, and low loan-to-value ratios. The 
Pfandbrief Act ensures that the cover pools are available only 
to the relevant Pfandbrief creditor in the event of the bank’s 
insolvency. 


Several European banks have elected to create a German Pfand- 
brief subsidiary rather than a domestic covered bond program 
because the German Pfandbrief market is highly liquid and 
benefits from lower funding spreads than other covered bond 
markets in Europe. 


Funding CLOs 


Funding CLOs are balance sheet cash flow CLO transactions 
with only two tranches. The senior tranche, or funding tranche, 


2° The origins of Pfandbrief banks lie in eighteenth-century Prussia; they 
now constitute the largest covered-bond market in the world. 


is issued to investors. This tranche is rated by a rating agency 
and is structured so that it is given a AAA rating. The junior 
tranche, or subordinated note, is unrated, bears the first loss, 
and is kept by the bank. 


CONCLUSION 


Credit derivatives and securitization are key tools for the trans- 
fer and management of credit risk and for the provision of bank 
funding. However, for some years following the financial crisis, 
some of the key securitization markets were effectively closed 
for new issuance though others (e.g., auto loans) remained 
active. The process of agreeing how to reform and revital- 

ize the markets has been slow, but there are signs that credit 
transfer markets, such as the CLO market, are once again 
reviving. 


This may be timely. Basel III and the Dodd-Frank Act are likely 
to raise the cost of capital for banks. Banks may, in the longer 
term, have no alternative other than to adopt the originate-to- 
distribute business model and use credit derivatives and other 
risk transfer techniques to redistribute and repackage credit risk 
outside the banking system (notably to the insurance sector, 
investment funds, and hedge funds). 


Up until recently, one of the main reasons for using the new 
credit instruments was regulatory arbitrage; it was this that led 
to the setting up of conduits and SIVs. Basel III should align reg- 
ulatory capital requirements more closely to economic risk and 
provide more incentives to use credit instruments to manage the 
“real” underlying credit quality of a bank's portfolio. 


Nevertheless, opportunities for regulatory arbitrage will remain. 
In the case of retail products such as mortgages, the very differ- 
ent regulatory capital treatment for Basel II] compliant banks, 
compared to the treatment of banks that remain compliant 
with the current Basel | rules, will itself give rise to an arbitrage 
opportunity. 


There is another kind of downside. The final paragraph of this 
chapter in the 2006 edition of this book, written well before the 
2007-2009 financial crisis erupted, warned: 


Risks assumed by means of credit derivatives are largely 
unfunded and undisclosed, which could allow players to 
become leveraged in a way that is difficult for outsiders 
(or even senior management) to spot. So far, we’ve yet 
to see a major financial disaster caused by the complexi- 
ties of credit derivatives and the new opportunities they 
bring for both transferring and assuming credit risk. But 
such a disaster will surely come, particularly if the boards 
and senior managers of banks do not invest the time to 
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understand exactly how these new markets and 
instruments work—and how each major transaction 
affects their institutions risk profile.” 


Despite attempts by regulators and the market to improve dis- 
closure, this surely remains significantly true. Credit risk transfer 
is an enormously powerful tool for managing risk and for distrib- 
uting risk to those most able to assume it. However, used with- 
out due care and attention, it can also devastate institutions and 
whole economies. 


APPENDIX 16.1 


Why the Rating of CDOs by Rating 
Agencies Was Misleading?” 


Investors in complex credit products were particularly reliant on 
rating agencies because they often had little information at their 
disposal to assess the underlying credit quality of the assets held 
in their portfolios. 


In particular, investors tended to assume that the ratings for 
structured products were stable: no one expected triple-A 
assets to be downgraded to junk status within a few weeks or 
even a few days.?? (However, the higher yields on these instru- 
ments, compared to the bonds of equivalently rated corpora- 
tions, suggests that the market understood to some degree that 
the investments were not equivalent in terms of credit and/or 


liquidity risk.) 


The sheer volume of downgrades of structured credit products 
focused attention on the nature of their ratings and how they 
might differ from the longer established ratings—e.g., those for 
corporate debt. Perhaps the most fundamental difference is that 
corporate bond ratings are largely based on firm-specific risk, 
whereas CDO tranches represent claims on cash flows from a 
portfolio of correlated assets. Thus, rating CDO tranches relies 
heavily on quantitative models, whereas corporate debt ratings 
rely essentially on the judgment of an analyst. 


26 See pages 323-324 of the 2006 edition. 


27 This appendix relies in part on an earlier work published by one of the 
authors. See M. Crouhy, “Risk Management Failures During the Finan- 
cial Crisis,” in D. Evanoff, P. Hartmann, and G. Kaufman, eds., The First 
Credit Market Turmoil of the 21st Century; Implications for Public Policy, 
World Scientific Publishing, 2009, pp. 241-266. 


28 Moody's first look rating action on 2006 vintage subprime loans 
in November 2006. In 2007, Moody's downgraded 31 percent of all 
tranches for CDOs of ABS that it had rated, including 14 percent of 
those initially rated AAA. 


While the rating of a CDO tranche should exhibit the same 
expected loss as a corporate bond of the same rating, the volatil- 
ity of loss—i.e., the unexpected loss—is quite different. It strongly 
depends on the correlation structure of the underlying assets in 
the pool of the CDO. This in itself warrants the use of different 
rating scales for corporate bonds and structured credit products. 


For structured credit products, such as ABS collateralized debt 
obligations, it is necessary to model the cash flows and the loss 
distribution generated by the asset portfolio over the life of the 
CDO. This implies that it is necessary to model prepayments and 
default dependence (correlation) among the assets in the CDO 
and to estimate the parameters describing this dependence 
over time. In turn, this means modeling the evolution of the 
different factors that affect the default process and how these 
factors evolve together. It is critical to assess the sensitivity of 
tranche ratings to a significant deterioration in credit conditions 
that might drive default clustering. This relationship depends on 
the magnitude of the shocks and tends to be nonlinear. 


If default occurs, it is necessary to estimate the resulting loss. 
Recovery rates depend on the state of the economy, the condi- 
tion of the obligor, and the value of its assets. Loss rates and 
the frequency of default are dependent on each other: if the 
economy goes into recession, both the frequency of default and 
the loss rates increase. It is a major challenge to model this joint 
dependence. 


Subprime lending on any scale is a relatively new industry, and 
the limited set of historical data available increased the model 
risk inherent in the rating process. In particular, historical data 
on the performance of U.S. subprime loans were largely drawn 
from a benign economic period with constantly rising house 
prices, making it difficult to estimate the correlation in defaults 
that would occur during a broad market downturn. 


Many industry players misunderstood the nature of the risk 
involved in holding a AAA-rated super-senior tranche of a sub- 
prime CDO. Subprime CDOs are really CDO-squared because 
the underlying pool of assets of the CDO is not made up of indi- 
vidual mortgages. Instead, it is composed of subprime RMBS, 
or mortgage bonds, that are themselves tranches of individual 
subprime mortgages. 


After the crisis, many commentators questioned whether the 
CRAs’ poor ratings performance in structured credit products 
might be related to conflicts of interest. The CRAs were paid to 
rate the instruments by the issuer (not the investor), and these 
fees constituted a fast growing income stream for CRAs in the 
run-up to the crisis. 


Another worry was the quality of the due diligence concerning 
the nature of the collateral pools underlying rated securities. 
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Due diligence about the quality of the underlying data and the 


quality of the originators, issuers, or servicers could have helped 


to identify fraud in the loan files. 


In addition, CRAs did not take into account the substantial 
weakening of underwriting standards for products associated 
with certain originators. 


Commentators also questioned the degree of transparency 
about the assumptions, criteria, and methodologies used in rat- 
ing structured credit products. 


Since the crisis, regulators have tried to address the role that 
ratings played in the crisis in a variety of ways. For example, the 


Dodd-Frank Act explicitly calls for replacing the language of 
“investment-grade” and “non-investment-grade” and proposes 
that federal agencies undertake a review of their reliance on 
credit ratings and develop different standards of creditworthi- 
ness.?? The aim is to encourage investors to perform their own 
due diligence and assess the risk of their investments, reducing 
the systemic risk that arises when too many investors rely too 
heavily on external risk assessment. 


2? This might require a review of the very foundations of the Standard- 
ized Approach in Basel Il, which relies explicitly on the ratings awarded 
by rating agencies and other nationally recognized statistical rating 
organizations (NRSRO). 
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An Introduction 
to Securitisation 


WE Learning Objectives 


After completing this reading you should be able to: 


© Define securitization, describe the securitization process, © Explain the various performance analysis tools for 
and explain the role of participants in the process. securitized structures and identify the asset classes they 


are most applicable to. 
S Explain the terms over-collateralization, first-loss piece, 


equity piece, and cash waterfall within the securitization © Define and calculate the delinquency ratio, default ratio, 
process. monthly payment rate (MPR), debt service coverage 
ratio (DSCR), the weighted average coupon (WAC), the 


© Analyze the differences in the mechanics of issuing weighted average maturity (WAM), and the weighted 


securitized products using a trust versus a special purpose 
vehicle (SPV) and distinguish between the three main SPV 
structures: amortizing, revolving, and master trust. ® Determine the notional value of the net contract resulting 


average life (WAL) for relevant securitized structures. 


from trade compression, and identify the counterparty 


S Explain the reasons for and the benefits of undertaking wuthethernet contract. 
securitization. 

© Explain the prepayment forecasting methodologies and 

© Describe and assess the various types of credit calculate the constant prepayment rate (CPR) and the 


enhancements. Public Securities Association (PSA) rate. 


Excerpt is Chapter 12 of Structured Credit Products: Credit Derivatives and Synthetic Securitisation, Second Edition, by Moorad Choudhry. 
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The second part of this book examines synthetic securitisation. 
This is a generic term covering structured financial products that 
use credit derivatives in their construction. In fact another term 
for the products could be ‘hybrid structured products’. However, 
because the economic impact of these products mirrors some of 
those of traditional securitisation instruments, we use the term 
‘synthetic securitisation’. To fully understand this, we need to be 
familiar with traditional or cash flow securitisation as a concept, 
and this is what we discuss now. 


The motivations behind the origination of synthetic struc- 

tured products sometimes differ from those of cash flow ones, 
although sometimes they are straight alternatives. Both prod- 
uct types are aimed at institutional investors, who may or may 
not be interested in the motivation behind their origination 
(although they will—as prudent portfolio managers—be inter- 
ested in the name and quality of the originating institution). 
Both techniques aim to create disintermediation and bring the 
seekers of capital, and/or risk exposure, together with providers 
of capital and risk exposure. 


In this chapter we introduce the basic concepts of securitisation 
and look at the motivation behind their use, as well as their eco- 
nomic impact. We illustrate the process with a brief hypothetical 
case study. We then move on to discuss a more advanced syn- 
thetic repackaging structure. 


17.1 THE CONCEPT 
OF SECURITISATION 


Securitisation is a well-established practice in the global debt 
capital markets. It refers to the sale of assets, which generate 
cash flows from the institution that owns the assets, to another 
company that has been specifically set up for the purpose of 
acquiring them, and the issuing of notes by this second com- 
pany. These notes are hacked by the cash flows from the origi- 
nal assets. The technique was introduced initially as a means of 
funding for US mortgage banks. Subsequently, the technique 
was applied to other assets such as credit card payments and 
equipment leasing receivables. It has also been employed as 
part of asset/liability management, as a means of managing bal- 
ance sheet risk. 


Securitisation allows institutions such as banks and corpora- 
tions to convert assets that are not readily marketable—such as 
residential mortgages or car loans—into rated securities that 
are tradable in the secondary market. The investors that buy 
these securities gain exposure to these types of original assets 
that they would not otherwise have access to. The technique is 
well established and was first introduced by mortgage banks in 
the United States during the 1970s. The synthetic securitisation 


market was established much more recently, dating from 1997. 

The key difference between cash and synthetic securitisation is 

that in the former market, as we have already noted, the assets 

in question are actually sold to a separate legal company known 
as a special purpose vehicle (SPV). This does not occur in a syn- 
thetic transaction, as we shall see. 


Sundaresan (1997, p. 359) defines securitisation as 


... a framework in which some illiquid assets of a cor- 
poration or a financial institution are transformed into a 
package of securities backed by these assets, through 
careful packaging, credit enhancements, liquidity 
enhancements and structuring. 


The process of securitisation creates asset-backed securities. 
These are debt instruments that have been created from a pack- 
age of loan assets on which interest is payable, usually on a 
floating basis. The asset-backed market was developed in the 
US and is a large, diverse market containing a wide range of 
instruments. Techniques employed by investment banks today 
enable an entity to create a bond structure from virtually any 
type of cash flow. Assets that have been securitised include 
loans such as residential mortgages, car loans and credit card 
loans. The loans form assets on a bank or finance house balance 
sheet, which are packaged together and used as backing for an 
issue of bonds. The interest payments on the original loans form 
the cash flows used to service the new bond issue. Tradition- 
ally, mortgage-backed bonds are grouped in their own right as 
mortgage-backed securities (MBS), while all other securitisation 
issues are known as asset-backed bonds or ABS. 


Example 17.1 Special Purpose Vehicles 


The key to undertaking securitisation is the special purpose 
vehicle or SPV. They are also known as special purpose entities 
(SPE) or special purpose companies (SPC). They are distinct 
legal entities that are the ‘company’ through which a securitisa- 
tion is undertaken. They act as a form of repackaging vehicle, 
used to transform, convert or create risk structures that can be 
accessed by a wider range of investors. Essentially they are the 
legal entity to which assets such as mortgages, credit card debt 
or synthetic assets such as credit derivatives are transferred, and 
from which the original credit risk/reward profile is transformed 
and made available to investors. An originator will use SPVs to 
increase liquidity and to make liquid risks that cannot otherwise 


be traded in any secondary market. 


An SPV is a legal trust or company that is not, for legal purposes, 
linked in any way to the originator of the securitisation. As such it 
is bankruptcy-remote from the sponsor. If the sponsor suffers 

financial difficulty or is declared bankrupt, this will have no impact 
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on the SPV, and hence no impact on the liabilities of the SPV with 
respect to the notes it has issued in the market. Investors have 
credit risk exposure only to the underlying assets of the SPV. 


To secure favourable tax treatment SPVs are frequently incorpo- 
rated in offshore business centres such as Jersey or the Cayman 
Islands, or in areas that have set up SPV-friendly business legisla- 
tion such as Dublin or the Netherlands. The choice of location 
for an SPV is dependent on a number of factors as well as taxa- 
tion concerns, such as operating costs, legal requirements and 
investor considerations.” The key issue is taxation; however, the 
sponsor will wish all cash flows both received and paid out by 
the SPV to attract low or no tax. This includes withholding tax 
on coupons paid on notes issued by the SPV. 


SPVs are used in a wide variety of applications and are an 
important element of the market in structured credit products. 
An established application is in conjunction with an asset swap, 
when an SPV is used to securitise the asset swap so that it 
becomes available to investors who cannot otherwise access it. 
Essentially the SPV will purchase the asset swap and then issue 
notes to the investor, who gain an exposure to the original asset 
swap albeit indirectly. This is illustrated in Figure 17.1. 


The most common purpose for which an SPV is set up is a cash 
flow securitisation, in which the sponsoring company sells assets 
off its balance sheet to the SPV, which funds the purchase of 
these assets by issuing notes. The revenues received by the 
assets are used to pay the liability of the issued overlying notes. 
Of course, the process itself has transformed previously untrad- 
able assets such as residential mortgages into tradable ones, 
and freed up the balance sheet of the originator. 


SPVs are also used for the following applications: 


e converting the currency of underlying assets into another 
currency more acceptable to investors, by means of a cur- 
rency swap; 


e issuing credit-linked notes (CLNs). Unlike CLNs issued by 
originators direct, CLNs issued by SPVs do not have any 
credit-linkage to the sponsoring entity. The note is linked 
instead to assets that have been sold to the SPV, and its per- 
formance is dependent on the performance of these assets. 
Another type of credit-linked SPV is when investors select the 
assets that (effectively) collateralise the CLN and are held by 


1 In some securitisations, the currency or interest-payment basis of the 
underlying assets differs from that of the overlying notes, and so the SPV 
will enter into currency and/or interest rate swaps with a (bank) counter- 
party. The SPV would then have counterparty risk exposure. 


2 For instance, investors in some European Union countries will only 
consider notes issued by an SPV based in the EU, so that would exclude 
many offshore centres. 


Fixed coupon | ——________, ~ =| Note issue 


Fixed | | Floating 


Swap 
counterparty 


LUCRAT Asset swap package securitised and 
economic effect sold on by SPV. 


the SPV. The SPV then sells credit protection to a swap coun- 
terparty, and on occurrence of a credit event the underlying 
securities are sold and used to pay the SPV liabilities; 


e they are used to transform illiquid into liquid ones. Certain 
assets such as trade receivables, equipment lease receiv- 
ables or even more exotic assets such as museum entry-fee 
receipts are not tradable in any form, but can be made into 
tradeable notes via securitisation. 


For legal purposes an SPV is categorised as either a Company 
or a Trust. The latter is more common in the US market, and 

its interests are represented by a Trustee, which is usually the 
Agency services department of a bank such as Deutsche Bank or 
Citibank, or a specialist Trust company such as Wilmington Trust. 
In the Euromarkets SPVs are often incorporated as companies 
instead of Trusts. 


17.2 REASONS FOR UNDERTAKING 
SECURITISATION 


The driving force behind securitisation has been the need for 
banks to realise value from the assets on their balance sheet. 
Typically these assets are residential mortgages, corporate loans 
and retail loans such as credit card debt. Let us consider the fac- 
tors that might lead a financial institution to securitise part of its 
balance sheet. These might be the following: 


e if revenues received from assets remain roughly unchanged 
but the size of assets has decreased, there will be an increase 
in the return on equity ratio; 


e the level of capital required to support the balance sheet will 
be reduced, which again can lead to cost savings or allow the 
institution to allocate the capital to other, perhaps more prof- 
itable, business; 


to obtain cheaper funding: frequently the interest payable on 
asset-backed securities is considerably below the level pay- 
able on the underlying loans. This creates a cash surplus for 
the originating entity. 
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In other words, the main reasons that a bank securitises part of 
its balance sheet is for one or all of the following reasons: 


e funding the assets it owns; 
e balance sheet capital management; 


e risk management and credit risk transfer. 


We shall now consider each of these in turn. 


Funding 


Banks can use securitisation to: (i) support rapid asset growth; 
(ii) diversify their funding mix and reduce cost of funding; and 
(iii) reduce maturity mismatches. 


The market for asset-hacked securities (ABS) is large, with an esti- 
mated size of $1,000 billion invested in ABS issues worldwide.? 
Access to this source of funding enables a bank to grow its loan 
books at a faster pace than if they were reliant on traditional 
funding sources alone. For example, in the UK a former building 
society-turned-bank, Northern Rock plc, has taken advantage of 
securitisation to back its growing share of the UK residential 
mortgage market. Unfortunately, it developed an over-reliance 
on securitised funding to the detriment of its retail deposit fund- 
ing base, with disastrous consequences during the 2007 crash. 


Securitising assets also allows a bank to diversify its funding mix. 
Banks generally do not wish to be reliant on a single or a few 
sources of funding, as this can be high-risk in times of market 
difficulty. Banks aim to optimise their funding between a mix of 
retail, inter-bank and wholesale sources. Securitisation has a key 
role to play in this mix. It also enables a bank to reduce its fund- 
ing costs. This is because the securitisation process de-links the 
credit rating of the originating institution from the credit rating of 
the issued notes. Typically, most of the notes issued by SPVs will 
be higher rated than the bonds issued directly by the originating 
bank itself. While the liquidity of the secondary market in ABS 

is frequently lower than that of the corporate bond market, and 
this adds to the yield payable by an ABS, it is frequently the case 
that the cost to the originating institution of issuing debt is still 
lower in the ABS market because of the latter's higher rating. 


Finally, there is the issue of maturity mismatches. The business 
of bank asset-liability management (ALM) is inherently one of 
maturity mismatch, since a bank often funds long-term assets 
such as residential mortgages, with short-term asset liabilities 
such as bank account deposits or inter-bank funding. This can be 
reduced via securitisation, as the originating bank receives fund- 
ing from the sale of the assets, and the economic maturity of the 
issued notes frequently matches that of the assets. 


3 Source: CSFB, Credit Risk Transfer, 2 May 2003. 


Balance Sheet Capital Management 


Banks use securitisation to improve balance sheet capital man- 
agement. This provides: (i) regulatory capital relief; (ii) economic 
capital relief; and (iii) diversified sources of capital. 


As stipulated in the Bank for International Settlements (BIS) capi- 
tal rules,* also known as the Basel rules, banks must maintain a 
minimum capital level for their assets, in relation to the risk of 
these assets. Under Basel |, for every $100 of risk-weighted 
assets, a bank must hold at least $8 of capital; however, the des- 
ignation of each asset's risk-weighting is restrictive. For exam- 
ple, with the exception of mortgages, customer loans are 100% 
risk-weighted regardless of the underlying rating of the bor- 
rower or the quality of the security held. The anomalies that this 
raises, which need not concern us here, are being addressed by 
the Basel Il rules that became effective from 2008. However, the 
Basel | rules, which have been in place since 1988 (and effective 
from 1992), were a key driver of securitisation. As an SPV is not 
a bank, it is not subject to Basel rules and it therefore only 
needs such capital that is economically required by the nature of 
the assets they contain. This is not a set amount, but is signifi- 
cantly below the 8% level required by banks in all cases. 
Although an originating bank does not obtain 100% regulatory 
capital relief when it sells assets off its balance sheet to an SPV, 
because it will have retained a ‘first-loss’ piece out of the issued 
notes, its regulatory capital charge will be significantly reduced 
after the securitisation.” 


To the extent that securitisation provides regulatory capital 
relief, it can be thought of as an alternative to capital raising, 
compared with the traditional sources of Tier 1 (equity), pre- 
ferred shares, and perpetual loan notes with step-up coupon 
features. By reducing the amount of capital that has to be used 
to support the asset pool, a bank can also improve its return-on- 
equity (ROE) value. This is received favourably by shareholders. 


Of course, under accounting consolidation rules, it is harder to 
obtain capital relief under most securitisation transactions. We 
must look to other benefits of this process. 


Risk Management 


Once assets have been securitised, the credit risk exposure on 
these assets for the originating bank is reduced considerably 
and, if the bank does not retain a first-loss capital piece (the 
most junior of the issued notes), it is removed entirely. This is 
because assets have been sold to the SPV. Securitisation can 


4 For further information see Choudhry (2007). 


> We discuss first-loss later on. 
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also be used to remove non-performing assets from banks’ bal- 
ance sheets. This has the dual advantage of removing credit risk 
and removing a potentially negative sentiment from the balance 
sheet, as well as freeing up regulatory capital. Further, there is 

a potential upside from securitising such assets, if any of them 
start performing again, or there is a recovery value obtained 
from defaulted assets, the originator will receive any surplus 
profit made by the SPV. 


Benefits of Securitisation to Investors 


Investor interest in the ABS market has been considerable from 
the market's inception. This is because investors perceive ABSs 
as possessing a number of benefits. Investors can: 


e diversify sectors of interest; 
e access different (and sometimes superior) risk-reward profiles; 


e access sectors that are otherwise not open to them. 


A key benefit of securitisation notes is the ability to tailor risk- 
return profiles. For example, if there is a lack of assets of any 
specific credit rating, these can be created via securitisation. 
Securitised notes frequently offer better risk-reward perfor- 
mance than corporate bonds of the same rating and maturity. 
While this might seem peculiar (why should one AA-rated bond 
perform better in terms of credit performance than another just 
because it is asset-backed?), this often occurs because the origi- 
nator holds the first-loss piece in the structure. 


A holding in an ABS also diversifies the risk exposure. For exam- 
ple, rather than invest $100 million in an AA-rated corporate 
bond and be exposed to ‘event risk’ associated with the issuer, 
investors can gain exposure to, say, 100 pooled assets. These 
pooled assets will have lower concentration risk. That, at least, 
was the theory. As the 2007-08 crash showed, 
in some cases diversification actually increased 
concentration risk. 


17.3 THE PROCESS 
OF SECURITISATION 


We now look at the process of securitisation, the 
nature of the SPV structure and issues such as credit 
enhancements and thc cash flow ‘waterfall’. 


The securitisation process involves a number 

of participants. In the first instance there is the 
originator, the firm whose assets are being secu- 
ritised. The most common process involves an 
issuer acquiring the assets from the originator. 
The issuer is usually a company that has been 


specially set up for the purpose of the securitisation, which is 
the SPV and is usually domiciled offshore. The creation of an 
SPV ensures that the underlying asset pool is held separate 
from the other assets of the originator. This is done so that 

in the event that the originator is declared bankrupt or insol- 
vent, the assets that have been transferred to the SPV will not 
be affected. This is known as being bankruptcy-remote. Con- 
versely, if the underlying assets begin to deteriorate in quality 
and are subject to a ratings downgrade, investors have no 
recourse to the originator. 


By holding the assets within an SPV framework, defined in 
formal legal terms, the financial status and credit rating of the 
originator becomes almost irrelevant to the bondholders. The 
process of securitisation often involves credit enhancements, 
in which a third-party guarantee of credit quality is obtained, 
so that notes issued under the securitisation are often rated at 


investment grade and up to AAA-grade. 


The process of structuring a securitisation deal ensures that the 
liability side of the SPV—the issued notes—carries a lower cost 
than the asset side of the SPV. This enables the originator to 
secure lower cost funding that it would not otherwise be able to 
obtain in the unsecured market. This is a tremendous benefit for 
institutions with lower credit ratings. 


Figure 17.2 illustrates the process of securitisation in 
simple fashion. 


Mechanics of Securitisation 


Securitisation involves a ‘true sale’ of the underlying assets from 
the balance sheet of the originator. This is why a separate legal 
entity, the SPV, is created to act as the issuer of the notes. The 


Originator 


True sale | į Proceeds from sale of assets 


f 
SPN | Credit 
issuer’) | enhancemen 


Issue securities |: Proceeds from sale of notes 


Credit 


structuri tranching 
e a e AAA) T 
Class 'B' notes (A) 
Class 'C' notes (BBB) 


Class D' notes 


(equity or excess spread) 


a(clig-miweye The securitisation process. 
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assets begin securitised are sold on to the balance sheet of the 
SPV. The process involves: 


e undertaking ‘due diligence’ on the quality and future pros- 
pects of the assets; 


e setting up the SPV and then effecting the transfer of assets 
to it; 
e underwriting of loans for credit quality and servicing; 


e determining the structure of the notes, including how many 
tranches are to be issued, in accordance with originator and 
investor requirements; 


e the rating of notes by one or more credit rating agencies; 


e placing of notes in the capital markets. 


The sale of assets to the SPV needs to be undertaken so that 

it is recognised as a true legal transfer. The originator obtains 
legal counsel to advise it in such matters. The credit rating pro- 
cess considers the character and quality of the assets, and also 
whether any enhancements have been made to the assets that 
will raise their credit quality. This can include over-collateralisa- 
tion, which is when the principal value of notes issued is lower 


than the principal value of assets, and a liquidity facility provided 
by a bank. 


A key consideration for the originator is the choice of the under- 
writing bank, which structures the deal and places the notes. 
The originator awards the mandate for its deal to an invest- 
ment bank on the basis of fee levels, marketing ability and track 
record with assets being securitised. 


SPV Structures 


There are essentially two main securitisation structures, amortis- 
ing (pass-through) and revolving. A third type, the master trust, 
is used by frequent issuers. 
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Amortising structures pay principal and interest to 


investors on a coupon-by-coupon basis throughout o 

the life of the security, as illustrated in Figure 17.3. i 

They are priced and traded based on expected 3 
12 


maturity and weighted-average life (WAL), which is 
the time-weighted period during which principal is 
outstanding. A WAL approach incorporates various 
pre-payment assumptions, and any change in this 
pre-payment speed will increase or decrease the 


Principa! and interest balance 


rate at which principal is repaid to investors. Pass- 
through structures are commonly used in residential 
and commercial mortgage-backed deals (MBS), and 
consumer loan ABS. 
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Revolving structures revolve the principal of the assets; that is, dur- 
ing the revolving period, principal collections are used to purchase 
new receivables that fulfil the necessary criteria. The structure is 
used for short-dated assets with a relatively high pre-payment 
speed, such as credit card debt and auto-loans. During the amor- 
tisation period, principal payments are paid to investors either in a 
series of equal instalments (controlled amortisation) or the princi- 
pal is “trapped’ in a separate account until the expected maturity 
date and then paid in a single lump sum to investors (soft bullet). 
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Frequent issuers under US and UK law use master trust struc- 
tures, which allow multiple securitisations to be issued from the 
same SPV. Under such schemes, the originator transfers assets 
to the master trust SPV. Notes are then issued out of the asset 
pool based on investor demand. Master trusts are used by MBS 
and credit card ABS originators. 


Securitisation Note Tranching 


As illustrated in Figure 17.2, in a securitisation the issued notes 
are structured to reflect specified risk areas of the asset pool, 
and thus are rated differently. The senior tranche is usually rated 
AAA. The lower rated notes usually have an element of over-col- 
lateralisation and are thus capable of absorbing losses. The most 
junior note is the lowest rated or non-rated. It is often referred 
to as the first-loss piece, because it is impacted by losses in the 
underlying asset pool first. The first-loss piece is sometimes 
called the equity piece or equity note (even though it is a bond) 
and is usually held by the originator. 


Credit Enhancement 


Credit enhancement refers to the group of measures that can be 
instituted as part of the securitisation process for ABS and MBS 


a Interest 
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LUCRA Amoritising cash flow structure. 
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issues so that the credit rating of the issued notes 


meets investor requirements. The lower the quality of CoBateral pool 


i Ay: interest proceeds 
the assets being securitised, the greater the need for 
credit enhancement. This is usually by some or all of 


the following methods: 


: ; . Trustee and administration fees 
e Over-collateralisation: where the nominal value of 


the assets in the pool are in excess of the nominal 


value of issued securities. 


e Pool insurance: an insurance policy provided by a 
Pd ; Interest on Class A senior notes 
composite insurance company to cover the risk of 

principal loss in the collateral pool. The claims pay- 
ing rating of the insurance company is important in 


determining the overall rating of the issue. 


"A` coverage tests 


e Senior/Junior note classes: credit enhancement is —=— 


F A . i Pass ea 2 Fuil 
provided by subordinating a class of notes (‘class —— a 
B’ notes) to the senior class notes (‘class A’ notes). - — > 

n : ; Interest on Class B Principal on Class A 

The class B note’s right to its proportional share aeo nailed 
of cash flows is subordinated to the rights of the 
senior note holders. Class B notes do not receive 
payments of principal until certain rating agency cee en 

. op: : ‘B’ coverage tests $ , 
requirements have been met, specifically satisfac- : Principal on B notes (if 3 
tory performance of the collateral pool over a pre- ib s A notes fully redeemed): 
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determined period, or in many cases until all of the 
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e Margin step-up: a number of ABS issues incorporate 


è 
*B notes fully redeemed); 

, 
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a step-up feature in the coupon structure, which typ- 


ically coincides with a call date. Although the issuer Equity tranche Principal on Class B 
is usually under no obligation to redeem the notes returns notes i 


at this point, the step-up feature was introduced as E 
cCshuual on 


an added incentive for investors, to convince them 


subordinated notes 
from the outset that the economic cost of paying a Sadia Gekseraiesdipeaieiie 
higher coupon is unacceptable and that the issuer AUCAEEI Cash flow waterfall (priority of payments). 


would seek to refinance by exercising its call option. 


e Excess spread: this is the difference between the return on the Impact on Balance Sheet 


underlying assets and the interest rate payable on the issued 


notes (liabilities). The monthly excess spread is used to cover Figure 17.5 on page 356 illustrates, by way of a hypothetical 


expenses and any losses. If any surplus is left over, it is held in a example, the effect of a securitisation transaction on the liabil- 


reserve account to cover against future losses or (if not required ity side of an originating bank's balance sheet. Following the 


for that), as a benefit to the originator. In the meantime the process, selected assets have been removed from the balance 


E EEE E AIRE REGGIE A E A sheet, although the originating bank will usually have retained 


the first-loss piece. With regard to the regulatory capital impact, 


All securitisation structures incorporate a cash waterfall process, this first-loss amount is deducted from the bank’s total capi- 


whereby all the cash that is generated by the asset pool is paid tal position. For example, assume a bank has $100 million of 


in order of payment priority. Only when senior obligations have risk-weighted assets and a target Basel ratio of 12%,° and it 


been met can more junior obligations be paid. An indepen- securitises all $100 million of these assets. It retains the first-loss 


dent third party agent is usually employed to run ‘tests’ on the tranche that forms 1.5% of the total issue. The remaining 98.5% 


vehicle to confirm that there is sufficient cash available to pay all 


obligations. If a test is failed, then the vehicle will start to pay off P AT. 
The minimum is 8%, but many banks prefer to set aside an amount 
well in excess of this minimum required level. The norm is 12%-15% 


is illustrated in Figure 17.4. or higher. 


the notes, starting from the senior notes. The waterfall process 
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Pre-securitisation 


Balance sheet 
liabilities 


Asset: first-loss held by bank 
as junior loan 

Liability: first-loss tranche 
deducted from capital ratio 


N [First loss deducted w mm 


Total capital 


7 | (First loss Collateral 
12% total capital ratio a 
Securities 


Z UCAVAJ Regulatory capital impact of securitisation, original i 


Basel | rules. 


will be sold on to the market. The bank will still have to set aside 
1.5% of capital as a buffer against future losses, but it has been 
able to free itself of the remaining 10.5% of capital. 


17.4 ILLUSTRATING THE PROCESS 
OF SECURITISATION 


To illustrate the process of securitisation, we consider a hypo- 
thetical airline ticket receivables transaction, originated by a 
fictitious company called ABC Airways plc and arranged by the 
equally fictitious XYZ Securities Limited. The following illustrates 
the kind of issues that are considered by the investment bank 
that is structuring the deal. 


Note that our example is far from a conventional or ‘plain vanilla’ 
securitisation, and is a good illustration of the adaptability of the 
technique and how it was extended to ever more exotic asset 
classes. However, one of the immediate impacts of the 2007-08 
financial crisis was that transactions such as these were no longer 
closed, as investors became risk averse, and transactions after the 
crisis were limited to more conventional asset classes. 


Originator ABC Airways plc 


Issuer ‘Airways No 1 Ltd’ 


Ticker receivables airline future flow 
securitisation bonds 200m 3-tranche 
floating-rate notes, legal maturity 
2010 Average life 4.1 years 


Transaction 


Tranches Class ‘A’ note (AA), LIBOR plus [] bps’ 
Class ‘B’ note (A), LIBOR plus [] bps 
Class ‘E’ note (BBB), LIBOR plus [] bps 
Arranger XYZ Securities plc 


’ The price spread is determined during the marketing stage, when the 
notes are offered to investors during a ‘roadshow’. 


Post-securitisation 


Due Diligence 


AAA 


XYZ Securities undertakes due diligence on the 
assets to be securitised. In this case, it examines 
the airline performance figures over the last five 
years, as well as modelling future projected fig- 
ures, including: 


e total passenger sales; 


Equity Collateral 
Securities 


e total ticket sales; 
total credit card receivables; 


e geographical split of ticket sales. 


It is the future flow of receivables, in this case credit card pur- 
chases of airline tickets, that is being securitised. This is a higher 
risk asset class than say, residential mortgages, because the air- 
line industry has a tradition of greater volatility of earnings than 
mortgage banks. 


Marketing Approach 


The present and all future credit card ticket receivables gener- 
ated by the airline are transferred to an SPV. The investment 
bank’s syndication desk seeks to place the notes with institu- 
tional investors across Europe. The notes are first given an indic- 
ative pricing ahead of the issue, to gauge investor sentiment. 
Given the nature of the asset class, during November 2002 the 
notes are marketed at around 3-month LIBOR plus 70-80 bps 
(AA note), 120-130 bps (A note) and 260-270 bps (BBB note).® 
The notes are ‘benchmarked’ against recent issues with similar 
asset classes, as well as the spread level in the unsecured market 


of comparable issuer names. 


Deal Structure 


The deal structure is shown at Figure 17.6. The process leading 
to the issue of notes is as follows: 


e ABC Airways plc sells its future flow ticket receivables to an off- 
shore SPV set up for this deal, incorporated as Airways No 1 Ltd; 


e the SPV issues notes in order to fund its purchase of the 


receivables; 


e the SPV pledges its right to the receivables to a fidu- 
ciary agent, the Security Trustee, for the benefit of the 
bondholders; 


e the Trustee accumulates funds as they are received by the SPV; 


e the bondholders receive interest and principal payments, in 
the order of priority of the notes, on a quarterly basis. 


8 Plainly, these are pre-2007 crisis spreads! 
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Future flow ticket 


Customers : 
receivables 


Debt service 


Bondholders Frustec 


Agency services 


4 man u 


Bonds | 


Proceeds 


= E tone cenectnonsousceunons 


| ‘Airways No I Ltd’ 


Sale Excess cash 


AKC Airways pi 


WEAF AJ Airways No. 1 limited deal structure. 


In the event of default, the Trustee will act on behalf of the 
bondholders to safeguard their interests. 


Financial Guarantors 


The investment bank decides whether or not an insurance 
company, known as a mono-line insurer, should be approached 
to ‘wrap’ the deal by providing a guarantee of backing for the 
SPV in the event of default. This insurance is provided in return 
for a fee. 


Financial Modelling 


XYZ Securities constructs a cash flow model to estimate the 
size of the issued notes. The model considers historical sales 
values, any seasonal factors in sales, credit card cash flows 
and so on. Certain assumptions are made when constructing 
the model; for example, growth projections, inflation levels 
and tax levels. The model considers a number of different 
scenarios, and also calculates the minimum asset coverage 
levels required to service the issued debt. A key indicator 

in the model is the debt service coverage ratio (DSCR). The 
more conservative the DSCR, the more comfort there is for 
investors in the notes. For a residential mortgage deal, this 
ratio may be approximately 2.5-3.0; however, for an airline 


ticket receivables deal, the DSCR is unlikely to be lower than 
4.0. The model therefore calculates the amount of notes that 


can be issued against the assets, while maintaining the mini- 
mum DSCR. 


Credit Rating 


It is common for securitisation deals to be rated by one or 
more of the formal credit ratings agencies Moody's, Fitch or 
Standand & Poor's. A formal credit rating makes it easier for 
XYZ Securities to place the notes with investors. The method- 
ology employed by the ratings agencies takes into account 
both qualitative and quantitative factors, and differs accord- 
ing to the asset class being securitised. The main issues in a 
deal such as our hypothetical Airways No. 1 deal would be 
expected to include: 


e corporate credit quality: these are risks associated with the 
originator, and are factors that affect its ability to continue 
operations, meet its financial obligations, and provide a sta- 
ble foundation for generating future receivables. This might 
be analysed according to the following: 


1. ABC Airways’ historical financial performance, including its 
liquidity and debt structure; 

2. its status within its domicile country; for example, whether 
or not it is state-owned; 

3. the general economic conditions for industry and for 
airlines; 

4. the historical record and current state of the airline; for 
instance, its safety record and age of its aeroplanes; 

e the competition and industry trends: ABC Airways’ market 
share, the competition on its network; 


e regulatory issues, such as the need for ABC Airways to com- 
ply with forthcoming legislation that will impact its cash flows; 


e legal structure of the SPV and transfer of assets; 


e cash flow analysis. 


Based on the findings of the ratings agency, the arranger may 
re-design some aspect of the deal structure so that the issued 
notes are rated at the required level. 


This is a selection of the key issues involved in the process of 
securitisation. Depending on investor sentiment, market condi- 
tions and legal issues, the process from inception to closure of 
the deal may take anything from three to 12 months or more. 
After the notes have been issued, the arranging bank no longer 
has anything to do with the issue; however, the bonds them- 
selves require a number of agency services for their remaining 
life until they mature or are paid off (see Procter and Leedham 
2004). These agency services include paying the agent, cash 
manager and custodian. 
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17.5 ABS STRUCTURES: A PRIMER 
ON PERFORMANCE METRICS 
AND TEST MEASURES’ 


This section is an introduction to the performance measures on 
the underlying collateral of the ABS and MBS product. 


Growth of ABS/MBS 


The MBS market first appeared when the US government- 
chartered mortgage agencies began issuing pass-through secu- 
rities collateralised by residential mortgages to promote the 
availability of cheap mortgage funding for US home buyers. The 
pass-through market inevitably grew as it provided investors in 
the secondary mortgage market with a liquid instrument and 
the lenders an opportunity to move interest rate risk off their 
balance sheet. Consequently, the ABS market came about as 

US finance companies began applying similar securitisation tech- 
niques to non-mortgage assets with expected payment streams. 
However, while MBS investors had, through the ‘Ginnie Mae’ 
government issues, benefitted from implicit Treasury guarantees, 
the ABS market offered investors, in addition to a differing port- 
folio dynamic, an exposure to more diversified credit classes. 


During 2002-2007 the low interest rate environment and 
increasing number of downgrades in the corporate bond 
market made the rating-resilient ABS/MBS issuance an attrac- 
tive source of investment for investors. Like all securitisation 
products, during this time ABS/MBS traded at yields that 
compared favourably to similar rated unsecured debt and as 
investors have sought alternatives to the volatile equity mar- 
ket. In 2003, issuance for the European securitisation market 
exceeded 9157.7 billion. 


While in the US it is auto-loan and credit card ABS that remain 
the prominent asset classes, alongside US-Agency MBS, in the 
European market the predominant asset class is Residential 
Mortgages (RMBS). RMBS accounted for over 55% of total issu- 
ance and over 90% of MBS in the European securitisation mar- 
ket in 2003. A buoyant housing market, particularly in the UK, 
drove high RMBS issuance. The Commercial MBS market bene- 
fited from the introduction of favourable insolvency coupled 
with the introduction of the euro, eliminating currency concerns 


among investors. 


? This section was written by Suleman Baig, Structured Finance 
Department, Deutsche Bank AG, London. This section represents the 
views, thoughts and opinions of Suleman Baig in his individual private 
capacity. It should not be taken to represent the views of Deutsche 
Bank AG, or of Suleman Baig as a representative, officer or employee 
of Deutsche Bank AG. 


Collateral Types 


ABS performance is largely dependent on consumer credit 
performance, and so, typical ABS structures include trigger 
mechanisms (to accelerate amortisation) and reserve accounts 
(to cover interest shortfalls) to safeguard against poor port- 
folio performance. Though there is no basic difference in 
terms of the essential structure between CDO and ABS/MBS, 
some differences arise by the very nature of the collateral 

and the motives of the issuer. The key difference arises from 
the underlying; a CDO portfolio will have 100-200 loans, for 
example, whereas ABS portfolios will often have thousands of 
obligors thus providing the necessary diversity in the pool of 
consumers. 


We now discuss briefly some prominent asset classes. 


Auto loan pools were some of the earliest to be securitised 
in the ABS market. Investors had been attracted to the high 
asset quality involved and the fact that the vehicle offers an 
easily sellable, tangible asset in the case of obligor default. 
In addition, since a car is seen as an ‘essential purchase’ and 
a short loan exposure (3-5 years) provides a disincentive 

to finance, no real pre-payment culture exists. Prepayment 
speed is extremely stable and losses are relatively low, par- 
ticularly in the prime sector. This is an attractive feature for 
investors. 


The main indicators are Loss curves, which show expected 
cumulative loss through the life of a pool and so, when com- 
pared to actual losses, give a good measure of performance. In 
addition, the resulting loss forecasts can be useful to investors 
buying subordinated note classes. Generally, prime obligors 
will have losses more evenly distributed, while non-prime and 
sub-prime lenders will have losses recognised earlier and so 
show a steeper curve. In both instances, losses typically decline 
in the latter years of the loan. 


The absolute prepayment speed (ABS)? is a standard 
measure for prepayments, comparing actual period prepay- 
ments as a proportion to the whole pool balance. As with 
all prepayment metrics, this measure provides an indication 
of the expected maturity of the issued ABS and essentially, 
the value of the implicit call option on the issued ABS at 
any time. 


10 First developed by Credit Suisse First Boston. 
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For specialised credit card banks, particularly in the US, 
the ABS market became the primary vehicle to fund the 
substantial volume of unsecured credit loans to consum- 
ers. Credit card pools are differentiated from other types 
of ABS in that loans have no predetermined term. A single 
obligor’s credit card debt is often no more than six months 
and so the structure has to differ from other ABS in that 
repayment speed needs to be controlled, either through 


Credit card 
obligors 


Receivables 
purchasing agreement 


Net series 
excess spread 


SPY 


Servicing 
agreement 
Trustee 


scheduled amortisation or the inclusion of a revolving 
period (where principal collections are used to purchase 
additional receivables). 


Since 1991, the Stand-alone Trust has been replaced 

with a Master Trust as the preferred structuring vehicle 
for credit card ABS. The Master Trust structure allows an 
issuer to sell multiple issues from a single trust and from 
a single, albeit changing, pool of receivables. Each series 
can draw on the cash flows from the entire pool of securi- 
tised assets with income allocated to each pro rata based 
on the invested amount in the Master Trust. 


Consider the example structure represented by Figure 17.7. An 
important feature is excess spread, reflecting the high yield on 
credit card debt compared to the card issuer's funding costs. 

In addition, a financial guaranty is included as a form of credit 
enhancement given the low rate of recoveries and the absence of 
security on the collateral. Excess spread released from the trust 
can be shared with other series suffering interest shortfalls. 


The delinquency ratio is measured as the value of credit card 
receivables overdue for more than 90 days as a percentage of 
total credit card receivables. The ratio provides an early indica- 
tion of the quality of the credit card portfolio. 


The default ratio refers to the total amount of credit card receiv- 
ables written off during a period as a percentage of the total 
credit card receivables at the end of that period. Together, these 
two ratios provide an assessment of the credit loss on the pool 
and are normally tied to triggers for early amortisation and so 
require reporting through the life of the transaction. 


The monthly payment rate (MPR)'' reflects the proportion of the 
principal and interest on the pool that is repaid in a particular 
period. The ratings agencies require every non-amortising ABS 
to establish a minimum as an early amortisation trigger. 


11 . >» . . 
This is not a prepayment measure since credit cards are 
non-amortising assets. 


Trustee | 
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WCRI A Master trust structure. 


The MBS sector is notable for the diversity of mortgage pools 
that are offered to investors. Portfolios can offer varying dura- 
tion as well as both fixed- and floating-rate debt. The most com- 
mon structure for agency-MBS is pass-through, where investors 
are simply purchasing a share in the cash flow of the underlying 
loans. Conversely, non-agency MBS (including CMBS), has a 
senior and a tranched subordinated class with principal losses 
absorbed in reverse order. 


The other notable difference between RMBS and CMBS is 

that the CMBS is a non-recourse loan to the issuer as it is fully 
secured by the underlying property asset. Consequently, the 
debt service coverage ratio (DSCR) becomes crucial to evaluat- 
ing credit risk. 


Performance Analysis for MBS Debt service coverage ratio 
(DSCR), which is Net operating income/Debt payments and so 
indicates a borrower's ability to repay a loan. A DSCR of less 
than 1.0 means that there is insufficient cash flow generated by 
the property to cover required debt payments. 


The weighted average coupon (WAC) is the weighted coupon 
of the pool that is obtained by multiplying the mortgage rate 
on each loan by its balance. The WAC will therefore change as 
loans are repaid, but at any point in time when compared to the 
net coupon payable to investors, gives us an indication of the 
pool’s ability to pay. 


The weighted average maturity (WAM) is the average weighted 
(weighted by loan balance) of the remaining terms to maturity 
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(expressed in months) of the underlying pool of mortgage loans 
in the MBS. Longer securities are by nature more volatile and 

so a WAM calculated on the stated maturity date avoids the 
subjective call of whether the MBS will mature and recognises 
the potential liquidity risk for each security in the portfolio. Con- 
versely, a WAM calculated using the reset date will show the 
shortening effect of prepayments on the term of the loan. 


The weighted average life (WAL) of the notes at any point in 
time is: 


s = J tPF(s) 
where 
PF(s) = Pool factor at s 
t = actual /365. 


We illustrate this measure below at Table 17.1 on page 360; PF 
refers to ‘pool factor’, which is assumed and is the repayment 
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weighting adjustment to the notional value outstanding (O/S). 


The column ‘IPD’ is coupon payment date. 


Example 17.2 Forecasting Prepayment Levels 


It is the time-weighted maturity of the cash flows that allows 


potential investors to compare the MBS with other investments 


with similar maturity. These tests apply uniquely to MBS since 


the principal is returned through the life of the investment on 


such transactions. 


Forecasting prepayments is crucial to computing the cash 


flows of MBS. Though, the underlying payment remains 


unchanged, prepayments, for a given price, reduce the yield 


on the MBS. There are a number of methods used to estimate 


prepayments, two commonly used ones are the constant 


prepayment rate (CPR) and the Public Securities Association 
(PSA) method. 


a/365 


0.18082192 
0.24931507 


0.24931507 
0.24931507 
0.24931507 
0.24931507 
0.24931507 
0.24931507 
0.25205479 
0.24657534 
0.24931507 
0.25205479 
0.25205479 
0.24657534 
0.24931507 
0.25205479 
0.25205479 
0.24931507 
0.24931507 


WAL 


360 E Financial Risk Manager Exam Part Il: Credit Risk Measurement and Management 


PF(t)*(a/365) 
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Performance Measure Calculation 


Public Securities Association (PSA) 


Constant prepayment rate (CPR) 1 — (1 — SMM)"4 


Single monthly mortality (SMM) 
Weighted average life (WAL) 
Weighted average maturity (WAM) 
Weighted average coupon (WAC) 
Debt service coverage ratio (DSCR) 
Monthly payment rate (MPR) 
Default ratio 

Delinquency ratio 

Absolute prepayment speed (ABS) 


Loss curves 


The CPR approach is: 
CPR =1- (1 - SMM)” 


where single monthly mortality (SMM) is the single-month pro- 
portional prepayment. 


A SMM of 0.65% means that approximately 0.65% of the 
remaining mortgage balance at the beginning of the month, less 
the scheduled principal payment, will prepay that month. 


The CPR is based on the characteristics of the pool and the 
current expected economic environment as it measures prepay- 
ment during a given month in relation to the outstanding pool 
balance. 


The PSA (since merged and now part of the Securities Industry 
and Financial Markets Association or SIFMA), has a metric for 


12 The entire business model of a large number of banks as well as 
‘shadow banks’ such as structured investment vehicles (SIVs) had 
depended on available liquidity from the inter-bank market, which was 
rolled over on a short-term basis such as weekly or monthly and used to 
fund long-dated assets such as RMBS securities that had much longer 
maturities and which themselves could not be realised in a liquid sec- 
ondary market (once the 2007 credit crunch took hold). This business 
model unravelled after the credit crunch, with its most notable casualties 
being Northern Rock plc and the SIVs themselves, which collapsed virtu- 
ally overnight. Regulatory authorities responded by requiring banks to 
take liquidity risk more seriously, with emphasis on longer term average 
tenor of liabilities and greater diversity on funding sources (for example, 
see the UK FSA's CP 08/22 document, at www.fsa.org). The author dis- 
cusses bank liquidity management in Bank Asset and Liability Manage- 
ment (Wiley Asia 2007) and The Principles of Banking (Wiley Asia 2010). 


PSA = [CPR/(.2)(months)]*100 


Prepayment/Outstanding pool balance 
> (a/365).PF(s) Where PF(s) 
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Weighted coupon of the pool 
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Show expected cumulative loss 


Typical Asset Class 


mortgages, home-equity, student loans 
mortgages, home-equity. student loans 
mortgages, home-equity, student loans 
mortgages 

mortgages 

mortgages 

commercial mortgages 

all non-amortising asset classes 

credit cards 

credit cards 

auto loans, truck loans 


auto loans, truck loans 


projecting prepayment that incorporates the rise in prepay- 
ments as a pool seasons. 


A pool of mortgages is said to have 100%- PSA if its CPR 
starts at 0 and increases by 0.2 % each month until it reaches 
6% in month 30. It is a constant 6% after that. Other prepay- 
ment scenarios can be specified as multiples of 100% PSA. 
This calculation helps derive an implied prepayment speed 
assuming mortgages prepay slower during their first 30 
months of seasoning. 
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months 


For reference, PSA = [CPR/(.2)(m)] * 100 
where 


m = number of months since origination. 


Summary of Performance Metrics 


Table 17.2 lists the various performance measures we have 
introduced in this chapter, and the asset classes to which 


they apply. 
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17.6 SECURITISATION POST-CREDIT 
CRUNCH 


Following the July-August 2007 implosion of the asset-backed 
commercial paper market, investor interest in ABS product dried 
up virtually completely. The growing illiquidity in the inter-bank 
market, which resulted in even large AA-rated banks finding it 
difficult to raise funds for tenors longer than one month, became 
acute following the collapse of Lehman Brothers in September 
2008. To assist banks in raising funds, central banks starting with 
the US Federal Reserve and European Central Bank (ECB), and 
then the Bank of England (BoE), began to relax the criteria under 
which they accepted collateral from banks that raised terms 
funds from them. In summary, the central banks announced that 
ABS including MBS and other securitised products would now 
be eligible as collateral at the daily liquidity window. 


As originally conceived, the purpose of these moves was to 
enable banks to raise funds, from their respective central bank, 
using existing ABS on their balance sheet as collateral. Very 
quickly, however, the banks began to originate new securitisa- 
tion transactions, using illiquid assets held on their balance 
sheet (such as residential mortgages or corporate loans) as 
collateral in the deal. The issued notes would be purchased by 
the bank itself, making the deal completely in-house. These 
new purchased ABS tranches would then be used as collateral 
at the central bank repo window. We discuss these ‘ECB-led’ 
deals in this section. 


Structuring Considerations 


Essentially an ECB-deal is like any other deal, except that one 
has a minimum requirement to be ECB eligible. There are also 
haircut considerations and the opportunity to structure it with- 
out consideration for investors. To be eligible for repo at the 
ECB, deals had to fulfil certain criteria. These included: 


(i) minimum requirements: 

e public rating of triple-A or higher at first issue; 

e only the senior tranche can be repo'd; 

e no exposure to synthetic securities. The ECB rules 
stated that the cash flow in generating assets backing 
the ABSs must not consist in whole or in part, actually 
or potentially, of credit-linked notes (CLNs) or simi- 
lar claims resulting from the transfer of credit risk by 
means of credit derivatives. Therefore, the transaction 
should expressly exclude any types of synthetic assets or 
securities; 

e public presale or new issue report issued by the credit 
rating agency rating the transaction; 


e bonds listed in Europe (for example, on the Irish Stock 
Exchange); 
e book entry capability in Europe (for example, settlement 
in Euroclear, Clearstream); 
(ii) haircut considerations: 


e CLO securities denominated in euro will incur a haircut of 
12% regardless of maturity or coupon structure; 

e for the purposes of valuation, in the absence of a trad- 
ing price within the past five days, or if the price is 
unchanged over that period, a 5% valuation markdown 
is applied. This equates to an additional haircut of 4.4%. 
The ECB will apply its own valuation to the notes, rather 
than accept the borrower's valuation; 

e CLO securities denominated in US dollar will incur the 
usual haircuts, but with an additional initial margin of 
between 10% and 20% to account for FX risk; 


(iii) other considerations: 


e the deal can incorporate a revolving period (external 
investors normally would not prefer this); 

e jit can be a simple two-tranche set up. The junior tranche 
can be unrated and subordinated to topping up the cash 
reserve; 

e it can be structured with an off-market interest rate 
swap but penalties are imposed if it is an in-house swap 
provider; 

e it must be rated by at least one rating agency (the BoE 
requires two ratings); 

e there can be no in-house currency swap (this must be 
with an external counterparty). 

The originator also must decide whether the transaction is to 
be structured to accomodate replenishment of the portfolio 

or whether the portfolio should be static. ECB transactions are 
clearly financing transactions for the bank, and as such the origi- 
nating bank will retain the flexibility to sell or refinance some or 
all of the portfolio at any time should more favourable financ- 
ing terms become available to it. For this reason there is often 
no restriction on the ability to sell assets out of the portfolio 
provided that the price received by the issuer is not less than 
the price paid by it for the asset (par), subject to adjustment for 
accrued interest. This feature maintains maximum refinancing 
flexibility and has been agreed to by the rating agencies. 


Whether or not replenishment is incorporated into the transac- 
tion depends on a number of factors. If it is considered likely 
that assets will be transferred out of the portfolio (in order to be 
sold or refinanced), then replenishment enables the efficiency 
of the CDO structure to be maintained by adding new assets 
rather than running the existing transaction down and having 

to establish a new structure to finance additional/future assets. 
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However, if replenishment is incorporated into the transaction 
the rating agencies carry out diligence on the bank to satisfy 
themselves on the capabilities of the bank to manage the port- 
folio. Also, the recovery rates assigned to a static portfolio are 
higher than those assigned to a managed portfolio. The deci- 
sion on whether to have a managed or static transaction will 
have an impact on the documentation for the transaction and 
the scope of the banks obligations and representations. 


Closing and Accounting Considerations: 
Case Study of ECB-Led ABS Transaction 


We provide here a case study of all in-house ABS transaction 
undertaken for ECB funding purposes. Although modelled on 
an actual deal, we have made the specific details hypothetical. 
However, this deal is not a typical in-house deal; it features an 
additional SPV as part of its structure, designed to allow the 
originator’s parent group entity to use the vehicle for further 
issuances. Note that this structure does not feature a currency 
swap, because the overlying notes are issued in three separate 
currencies to match the currencies of the underlying assets. This 
was because a currency swap with an outside provider would 
add substantial costs to the deal, and an in-house currency swap 
was expressly forbidden under ECB eligibility rules. 


Background To meet the dual objectives of securing term 
liquidity and cheap funding, and to benefit from the liquidity 
facility at the European Central Bank (ECB), XYZ BANK under- 
takes an ABS securitisation of XYZ BANK's balance sheet of 
approximately D2 billion of corporate loans. During 2008, such 
deals were undertaken by many banks throughout Europe. The 
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Group entities 
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(Ring-fenced assets] 
English Law 


Master Series Purchase 
Trust Limited 

PurchasingTrust Funding proceeds 
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issues Pass-thru 
Centificates (USD. 
EUR. GBP) 
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corporate loans, cte.] 


CHA er 


Master Series 


transaction was conducted entirely in-house and all the notes 
issued were purchased by XYZ BANK. This was a funding trans- 
action and not a revenue generation transaction. 


We detail here the accounting treatment adopted by XYZ BANK 
on execution of the transaction and the capital adequacy issues 
arising therein. 


Accounting Treatment As noted in the transaction structure, 
there will effectively be three legal entities directly influenced by 
the transaction: 


1. XYZ BANK. 


2. The Master Series Purchase Trust Limited 
(‘the Trust’). 


3. The Master Series Limited 1 (‘the Issuer’). 
The closing process of events is summarised as follows: 


1. A true (legal) sale of XYZ BANK assets between XYZ BANK 
and the Trust against cash. 


2. The Trust issues pass-through certificates that will be pur- 
chased by the Issuer for cash. 


3. The Issuer issues re-tranched pass-through ABS securities 
purchased by XYZ BANK for cash. 


The transaction structure is illustrated at Figure 17.8. 


All the above transactions occur simultaneously and in contem- 
plation of one another. From an accounting perspective, the fol- 


lowing questions were addressed as part of the closing process: 


Would XYZ BANK Be Required to Consolidate the Trust and 
the Issuer? The IAS 27 standard requires consolidation of all 
entities that are controlled (subsidiaries) by the reporting entity 


: 
‘ . 
t Group operational 


Issuing Vehicle 1 


: liquidity line 
Series 1A Series 1B Series 1C 
Re-tranched pass-thru Re-tranched pass-thru Re-tranched pass-thru 
cash Now waterfall cash flow waterfall cash flow waterfall 
ABS security EUR ABS security USD ABS security GBP 
Limited —_—_——_ [Aaa] | Aaaj [Aaa] 
Irish SPV ABS security EUR ABS security USD ABS security GBP 


[Equity N/R] [Equity N/R] [Equity N/R] 


i 


Cash reserve 


AECA: Transaction structure, in-house ECB-led securitisation. 
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(XYZ BANK). The SIC-12 rule further explains consolidation of 
SPVs, when the substance of the relationship between an entity 
and the SPV indicates that the SPV is controlled by the entity. 
Given the above two standards, XYZ BANK would be required 
to consolidate the SPVs established due to the following 
reasons: 


e In substance, the activities of the SPVs are being conducted 
on behalf of XYZ BANK according to its specific busi- 
ness needs so that XYZ BANK obtains benefits from their 
operations. 


e In substance, XYZ BANK has the decision-making powers 
to obtain the majority of the benefits of the activities of the 
SPVs albeit through an autopilot mechanism. 


e In substance, XYZ BANK will have rights to obtain the major- 
ity of the benefits of the SPVs and will therefore be exposed 
to the risks inherent to the activities of the SPVs. 


e In substance, XYZ BANK retains the majority of the residual 
risks related to the SPVs or its assets in order to obtain ben- 
efits from its activities. 


Although share capital issued by both the Trust and the Issuer 
will be owned by third parties (the Charitable Trust ownership 
structure that is common in finance market SPV arrangements), 
the SIC-12 conditions would require XYZ BANK to consolidate 
them by virtue of having control over the SPVs. 


Would the True (Legal) Sale between XYZ BANK and the 
Trust Meet the De-recognition Criteria? Although a true 
(legal) sale of the underlying assets will be achieved, a transfer 
can be recognised from an accounting perspective only when it 
meets the de-recognition criteria under IAS 39 rules. The deci- 
sion whether a transfer qualifies for de-recognition is made by 
applying a combination of risks and rewards and control tests. 
De-recognition cannot be achieved merely by transferring the 
legal title to an asset to another party. The substance of the 
arrangement has to be assessed in order to determine whether 
all entity has transferred the economic exposure associated with 
the rights inherent in the asset. 


In other words, an in-house transaction has no practical account- 
ing or risk transfer impact and is recognized as such in its 
accounting and regulatory capital treatment. 


Hence, XYZ BANK would continue to recognise the underlying 
loans on its balance sheet. This is primarily due to the fact the 
XYZ BANK will continue to retain substantially all the risks and 
rewards associated with the underlying loans by virtue of owning 
all the Notes issued by the SPV, without any intention of onward 
sale to a third party. This would include all tranches issued by 
the SPV irrespective of the rating or subordination. Furthermore, 
in case of a loss occurred on any of the underlying loans, XYZ 


BANK would indirectly be affected through either reduction in 
the interest payments or principal of the Notes held. 


Detailed Accounting Based on the above, the detailed 
accounting entries would be as follows, and under the following 
assumptions: 


e The SPVs are consolidated under SIC 12. 


e The transaction sale does not meet the de-recognition crite- 
ria under IAS 39. 


On closing day, the accounting entries to be produced on day 1 of 
the transaction in the three individual entities would be as follows: 


On Legal Sale of Loans from XYZ BANK to the Trust 
Cash—Dr Inter-company N/A 


(loans and 


receivables)— 


i 


On Issue of Pass Through Certificates by the Trust to 


the Issuer 


N/A Cash—Dr Notes issued 
by the Trust 
(loans and 
receivables)—Dr 


N/A Notes (financial Cash—Cr 
liabilities at 
amortised 
cost)—Cr 


Inter-company 
loan (loans and 
receivables)—Cr 


On Issue of Notes by the Issuer and Acquisition by 


XYZ BANK 


Cash—Dr 


XYZ BANK 


Notes issued by 
the Issuer (loans 
and receivables) 
[see explanation 
below*}—Dr 


Cash—Cr Notes (financial 
liabilities at 
amortised 
cost)—Cr 
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Although the Notes issued by the Issuer were listed on the 
lrish Stock Exchange, they could still be classified as ‘loans 
and receivables’ as they were not quoted in an active mar- 
ket. As per AG71 in the IAS 39 rules, a financial instrument 
is regarded as quoted in an active market if quoted prices 
are readily and regularly available from market sources and 
those prices represent actual and regularly occurring market 
transactions on an arm’s-length basis. Since all the Notes 
issued by the Issuer were to be held by XYZ BANK and 
would not be traded, they are deemed to be not quoted 
in active market. 


Therefore on Day 1, the balance sheets of each of the entities 
would reflect the following on execution of the transaction, 
assuming a 2 billion transaction size: 


XYZ BANK 
(Extract Only) The Trust The Issuer 


Notes (investment | Assets Assets 
in Issuer)—2bn 


Cash—X Cash—X Notes 
issued by the 
Trust—2bn Total 
2bn + X 


Inter-company 


loan to XYZ 
BANK—2bn Total 
assets 2bn + X 


Liabilities 


Notes (Pass-thru Liabilities 
certificates) —2bn 


Liabilities 
Inter-company 


borrowing from 


Notes i d 
the Trust—2bn otes Issue 


AAA—XXXm 
BBB—XxXXm 


Non-rated 
sub-debt—XXXm 


Total—2bn 


Equity—X 


Equity—X 


Total liabilities and 
equity—2bn + X 


Total liabilities and 
equity—2bn + X 


In XYZ BANK consolidated financial statements, all the above 
balances will net off except for cash balances held by the SPVs 
(if external) and the minority interest in Equity of the SPVs. 
The financial statements will effectively continue to reflect the 
underlying loans as ‘loans and receivables’ as they do at pres- 
ent. If the Notes issued by the Issuer were subsequently used 
as collateral for repo purposes, XYZ BANK would reflect third- 
party borrowing in its financial statements while disclosing the 
underlying collateral. 


As part of the proposed transaction, an interest rate swap (IRS) 
will be entered into between XYZ BANK and the Trust to man- 
age the basis risk. Both the entities will mark-to-market the swap 
in their individual financial statements while in the XYZ BANK 
consolidated financial statements the balances will net off with 
zero mark-to-market impact. 


The transaction costs incurred by the Issuer on the issuance 
of Notes and the setup of the structure will be deducted from 
the fair value of the Notes issued on initial recognition in the 
financial statements of the Issuer. These costs would include 
the one-off fees including legal, rating agencies and so on. 
These would then form part of the effective interest rate cal- 
culations of the Notes issued and will be amortised through 
the profit or loss over the economic life of the Notes issued. 
The annual running costs would be accounted for in the profit 
and loss as and when occurred. 


In the XYZ BANK consolidated financial statements, these trans- 
action costs were reflected as an asset to be amortised over the 
economic life of the Notes issued. An asset has been defined ‘as 
a resource controlled by the enterprise as a result of past events 
and from which future economic benefits are expected to flow 
to the enterprise’. 


For XYZ BANK the objective of the structure was to secure term 
liquidity and cheap funding, and to benefit from the liquidity 
facility at the ECB. Therefore the expected future economic 
benefits flowing to XYZ BANK justified the recognition of these 
costs as an asset. The asset would be subject to impairment 
review on at least an annual basis. 


Other Considerations 


Assume that XYZ BANK prepares its regulatory returns on a 
solo consolidated basis. This allows elimination of both the 
major intra-group exposures and investments of XYZ BANK 
in its subsidiaries when calculating capital resource require- 
ments. Therefore as described above for XYZ BANK con- 
solidated financial statements, there would be no additional 
capital adequacy adjustments to arise subject to the treat- 
ment of costs incurred on the transaction. XYZ BANK would 
however be required to make a waiver application to its 
regulatory authority (in this case the UK's Financial Services 
Authority (FSA) under BIPRU 2.1 explaining the proposed 
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Cash reserve 
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ClassA2 [AAA] 
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could be expected to be marked-to-market at over 
200 bps over LIBOR. Because the issued notes were 
purchased in entirety by the originator, who intended 
to use the senior tranche as collateral to raise funds 
at the ECB, the terms of the deal could be set ata 
purely nominal level; this explains the ‘40 bps over 


EURIBOR’ coupon of the senior tranche. 


17.7 SECURITISATION: IMPACT 
OF THE 2007-2008 FINANCIAL 
CRISIS‘? 


laclig-meeea Fast Net Securities 3 limited, structure diagram. 


Source: S&P. Details reproduced with permission. 


transaction and its objectives. The key points FSA would con- 
sider in approval of the waiver request include: 


e The control XYZ BANK will have over the subsidiaries/SPVs. 


e The transferability of capital/assets from the subsidiaries to 
XYZ BANK. 


e The total amount of capital/assets solo consolidated by XYZ 
BANK. 


XYZ BANK would reflect the investment in Notes issued by the 
Issuer at 0% risk weighting to avoid double counting. Therefore, 


there would be no further capital charge on the Notes issued by 
the Issuer and held by XYZ BANK. 


SPVs are not regulated entities and therefore would not be 
required to comply with the European Union Capital Require- 
ments Directive. 


Example 17.3 An In-House Deal: Fast Net 
Securities LTD. 


During 2007-2009 over 100 banks in the European Union under- 
took in-house securitisations in order to access the ECB discount 
window, as funding sources in the inter-bank market dried up. It 
was widely believed that the UK banking institution Nationwide 
Building Society acquired an Irish banking entity during 2008 purely 
in order to be able to access the ECB’s discount window (a require- 
ment for which was to have an office in the eura-zone area). 


One such public deal was Fast Net Securities 3 Limited, origi- 
nated by Irish Life and Permanent plc. Figure 17.9 shows the 
deal highlights. 


Note that this transaction was closed in December 2007, a 
time when the securitisation market was essentially moribund 
in the wake of the credit crunch. An ABS note rated AAA 


As recounted in the Prologue, following rapid growth 

in volumes during 2002-2006, in 2007 the securitisation 

market came to a virtual standstill as a direct impact of 
the sub-prime mortgage default and the crash in asset-backed 
commercial paper trading. Investors lost confidence in a wide 
range of parameters. The liquidity crunch in money markets led 
to the credit crunch in the economy and worldwide recession. 
Globalisation and integrated banking combined with the wide- 
spread investment in structured credit products to transmit the 
effects of US mortgage defaults worldwide. Economic growth 
collapsed, which suggests that the securitisation market, in the 
form of ABS such as collateralised debt obligations (CDOs), was 
a major contributor in magnifying the impact of poor-quality 
lending in the US mortgage market. 


As a technique securitisation still retains its merits. It reduces 
barriers to entry and opens up a wide range of asset markets 

to investors who would never otherwise be able to access such 
markets. Due to its principal characteristics of tranching a pool 
of loans into different risk categories, it enables cash-rich inves- 
tors to participate in funding major projects, and this in the 
broadest sense. It widens the potential group of buyers and 
sellers due to its characteristics of diversification and customisa- 
tion. As a result it increases liquidity and simultaneously reduces 
transaction costs. These benefits enabled both cash borrowers 
and cash investors to benefit from the technique. 


In light of the decline in securitisation volumes since 2007, we 
consider the factors that contributed to the fall in confidence in 
the market. 


Impact of the Credit Crunch 


The flexibility and wide application of the securitisation tech- 
nique, which were advantageous to banks that employed it, 


13 This section was co-written with Gino Landuyt, Europe Arab Bank plc. 
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also contributed to its misuse in the markets. By giving banks 
the ability to move assets off the balance sheet, ABS became a 
vehicle by which low-quality assets such as sub-prime mortgages 
could be sold on to investors who had little appreciation of the 
credit risk they were taking on. 


In a classic banking regime there is no detachment between the 
borrower and the lender. The bank undertakes its own credit analy- 
sis, offers the loan to its client and monitors the client over the life 
of the loan. In securitisation however the link between the borrower 
and the bank is disconnected. The loan is packaged into different 
pieces and moved on to an unknown client base. As a consequence 


there is less incentive for the ‘arranger’ to be risk conscious. 


This becomes a potential negative issue when banks set up a paral- 
lel circuit, now termed the ‘Shadow Banking’ system, where they 
are not bound by a regulatory regime that normal banks must 
adhere to. For instance, in a vanilla banking regime banks must 
keep a certain percentage of deposits against their loans, but this 
does not apply if they are funding themselves via the commercial 
paper market that is uninsured by a central bank’s discount window. 


As a consequence the shadow banks’ major risk is when their 
commercial paper investors do not want to roll their investment 
anymore and leave the shadow bank with a funding problem. As 
a result, they might need to tap in at the outstanding credit lines 
of regulated banks or need to sell their assets at fire sale prices. 
This is what happened in the ABCP crash in August 2007. 


The shadow banking system in the form of special investment 
vehicles (SIVs) was highly leveraged. Typically, the leverage ratio 
was around 1:15. However, in some cases, as the search for 
yield in a bull market of tightening credit spreads intensified, 
the leverage ratios for some SIVs reached 1:40 and even 1:50. 
To put this into perspective, the hedge fund Long Term Capital 
Management (LTCM) was running a leverage of 1:30 at the time 
of its demise in 1998, which created significant disruption in the 
markets. In effect what happened in 2007-08 was hundreds of 
LTCMs all failing, all of which used a higher leverage ratio and 
were all setting up the same trade. 


The leverage factor in some of the products reached very high 
levels. After CDOs more leverage was sought with CDO%2, 
which were CDO structures investing in other CDOs. 


Some products became extremely complex and started to look 
like a black box. They became difficult to analyse by outside 
parties wishing to make an assessment on the value of the 


investment. For instance, the mark-to-market value was not 
only related to credit spread widening of the tranche, but also 
changed in ‘correlation risk’ within the credit portfolio, which 
had different impacts on different tranches in the structure. 


The CRAs publicised their rating methodologies, which had the 
cachet of statistical logic but were not understood by all inves- 
tors; moreover, they were in hindsight overly optimistic in issu- 
ing ratings to certain deals in which the models used assumed 
that the likelihood of a significant correction in the housing mar- 
ket on a(n) (inter) national scale was virtually zero. The favour- 
able overall economic conditions and the continuous rise in 
home prices over the past decade provided near term cover for 
the deterioration in lending standards and the potential ramifi- 


cations of any significant decline in asset prices. '4 


The liquidity of most of these assets was overestimated. As a 
consequence investors believed that AAA-rated securitised 
paper would have the same liquidity as plain vanilla AAA-rated 
paper and could therefore be easily funded by highly liquid 
commercial paper. A huge carry trade of long-dated assets 
funded by short-term liabilities was built up and once the first 
losses in the sub-prime market started to make an impact, SPVs 
had to start unwinding the paper. Fund managers realised that 
there was a liquidity premium linked to their paper that they had 
not taken into account. 


The mark-to-market accounting rules accelerated the problem 
by creating a downward spiral of asset values as the secondary 
market dried up. Banks had to mark ABS assets at the ‘market’ 
price, unconnected with the default performance of the under- 
lying portfolios; however, in a flight-to-quality environment all 
structured credit products became impossible to trade in the 
secondary market and values were marked down almost daily, in 
some cases to virtually zero. The accounting rules forced banks 
to take artificial hits to their capital without taking into account 
the actual performance of the pool of loans. 


As a result of all this, and general investor negative sentiment, 
the new-issue securitisation market reduced considerably in size. 
As a technique though, it still offers considerable value to banks 
and investors alike, and its intelligent use can assist in general 
economic development. 


14 See SIFMA, Survey on Restoring Confidence in the Securitisation Mar- 
ket, December 2008. 
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CONCLUSION 


In a recessionary environment brought on by a banking crisis 
and credit crunch, the investor instinct of ‘flight-to-quality’ 

will impact structured finance products such as ABS ahead of 
more plain vanilla instruments. Market confidence is key to the 
re-starting investments such as ABS. The potential benefits to 
banks and the wider economy of the securitisation technique in 
principle and how developed and developing economics could 
benefit from its application are undisputed. It remains incum- 
bent on interested parties to initiate the first steps towards gen- 
erating this renewed market confidence. 


As financial markets regain momentum and as growth is 
restored, banks worldwide should still derive benefit from a tool 
that enables them to diversify funding sources. Banks that diver- 
sify their funding can also diversify their asset base, as they seek 
to reduce the exposure of their balance sheets to residential 
mortgage and real-estate assets. Securitisation remains a valu- 
able mechanism through which banks can manage both sides of 
their balance sheet. 
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Understanding 
the Securitization 
of Subprime 
Mortgage Credit 


WE Learning Objectives 


After completing this reading you should be able to: 


© Explain the subprime mortgage credit securitization pro- © Compare predatory lending and borrowing. 


cess in the United States. 


© Identify and describe key frictions in subprime mortgage 
securitization, and assess the relative contribution of each 
factor to the subprime mortgage problems. 


Excerpt is from “Understanding the Securitization of Subprime Mortgage Credit,” by Adam B. Ashcraft and Til Schuermann, 
reprinted from Foundations and Trends® in Finance: Vol. 2, No. 3 (2008), by permission of Now Publishers, Inc. 
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This chapter presents preliminary findings and is being dis- 
tributed to economists and other interested readers solely to 
stimulate discussion and elicit comments. The views expressed 
in the chapter are those of the authors and are not necessarily 
reflective of views at the Federal Reserve Bank of New York or 
the Federal Reserve System. Any errors or omissions are the 
responsibility of the authors. 


18.1 ABSTRACT 


In this chapter, we provide an overview of the subprime mort- 
gage securitization process and the seven key informational 
frictions that arise. We discuss the ways that market participants 
work to minimize these frictions and speculate on how this 
process broke down. We continue with a complete picture of 
the subprime borrower and the subprime loan, discussing both 
predatory borrowing and predatory lending. We present the key 
structural features of a typical subprime securitization, docu- 
ment how rating agencies assign credit ratings to mortgage- 
backed securities, and outline how these agencies monitor the 
performance of mortgage pools over time. Throughout the 
chapter, we draw upon the example of a mortgage pool securi- 
tized by New Century Financial during 2006. 


18.2 EXECUTIVE SUMMARY 


e Until very recently, the origination of mortgages and issu- 
ance of mortgage-backed securities (MBS) was dominated by 
loans to prime borrowers conforming to underwriting stan- 
dards set by the government-sponsored agencies (GSEs). 

e By 2006, non-agency origination of $1.480 trillion was 
more than 45% larger than agency origination, and non- 
agency issuance of $1.033 trillion was 14% larger than 
agency issuance of $905 billion. 


e The securitization process is subject to seven key frictions. 
e Frictions between the mortgagor and the originator: 
Predatory lending 
e Subprime borrowers can be financially unsophisticated 
e Resolution: Federal, state, and local laws prohibiting 
certain lending practices, as well as the recent regula- 
tory guidance on subprime lending. 


e Frictions between the originator and the arranger: Preda- 
tory borrowing and lending 
e The originator has an information advantage over the 
arranger with regard to the quality of the borrower. 
e Resolution: Due diligence of the arranger. Also, the 
originator typically makes a number of representa- 
tions and warranties (R&W) about the borrower and 


the underwriting process. When these are violated, 
the originator generally must repurchase the problem 
loans. 


* Frictions between the arranger and third parties: Adverse 


selection 


The arranger has more information about the quality 

of the mortgage loans, which creates an adverse selec- 
tion problem: the arranger can securitize bad loans (the 
lemons) and keep the good ones. This third friction in 
the securitization of subprime loans affects the relation- 
ship that the arranger has with the warehouse lender, 
the credit rating agency (CRA), and the asset manager. 
Resolution: Haircuts on the collateral imposed by the 
warehouse lender. Due diligence conducted by the 
portfolio manager on the arranger and originator. CRAs 
have access to some private information; they have a 
franchise value to protect. 


Frictions between the servicer and the mortgagor: Moral 


hazard 


In order to maintain the value of the underlying asset 
(the house), the mortgagor (borrower) has to pay insur- 
ance and taxes on and generally maintain the property. 
In the approach to and during delinquency, the mort- 
gagor has little incentive to do all that. 

Resolution: Require the mortgagor to regularly escrow 
funds for both insurance and property taxes. When the 
borrower fails to advance these funds, the servicer is 
typically required to make these payments on behalf of 
the investor. However, limited effort on the part of the 
mortgagor to maintain the property has no resolution, 
and creates incentives for quick foreclosure. 


Frictions between the servicer and third parties: Moral 


hazard 


The income of the servicer is increasing in the amount 
of time that the loan is serviced. Thus the servicer 
would prefer to keep the loan on its books for as long 
as possible and therefore has a strong preference to 
modify the terms of a delinquent loan and to delay 
foreclosure. 

In the event of delinquency, the servicer has a natural 
incentive to inflate expenses for which it is reimbursed 
by the investors, especially in good times when recov- 
ery rates on foreclosed property are high. 

Resolution: Servicer quality ratings and a master ser- 
vicer. Moody’s estimates that servicer quality can affect 
the realized level of losses by plus or minus 10 percent. 
The master servicer is responsible for monitoring the 
performance of the servicer under the pooling and ser- 
vicing agreement. 
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Frictions between the asset manager and investor: 

Principal-agent 

e The investor provides the funding for the MBS pur- 
chase but is typically not financially sophisticated 
enough to formulate an investment strategy, conduct 
due diligence on potential investments, and find the 
best price for trades. This service is provided by an 
asset manager (agent) who may not invest sufficient 
effort on behalf of the investor (principal). 

e Resolution: Investment mandates and the evaluation 
of manager performance relative to a peer group or 
benchmark. 


Frictions between the investor and the credit rating agen- 

cies: Model error 

e The rating agencies are paid by the arranger and not 
investors for their opinion, which creates a potential 
conflict of interest. The opinion is arrived at in part 
through the use of models (about which the rating 
agency naturally knows more than the investor) which 
are susceptible to both honest and dishonest errors. 

e Resolution: The reputation of the rating agencies and 


the public disclosure of ratings and downgrade criteria. 


Five frictions caused the subprime crisis: 

e Friction #1: Many products offered to sub-prime 
borrowers are very complex and subject to 
mis-understanding and/or misrepresentation. 

e Friction #6: Existing investment mandates do not 
adequately distinguish between structured and corpo- 
rate ratings. Asset managers had an incentive to reach 
for yield by purchasing structured debt issues with the 
same credit rating but higher coupons as corporate 
debt issues. ' 

e Friction #3: Without due diligence of the asset man- 
ager, the arranger’s incentives to conduct its own due 
diligence are reduced. Moreover, as the market for 
credit derivatives developed, including but not limited 
to the ABX, the arranger was able to limit its funded 
exposure to securitizations of risky loans. 

e Friction #2: Together, frictions 1, 2 and 6 worsened the 
friction between the originator and arranger, opening 
the door for predatory borrowing and lending. 

e Friction #7: Credit ratings were assigned to subprime 
MBS with significant error. Even though the rating 
agencies publicly disclosed their rating criteria for 


subprime, investors lacked the ability to evaluate the 
efficacy of these models. 

e We suggest some improvements to the existing 
process, though it is not clear that any additional 
regulation is warranted as the market is already taking 
remedial steps in the right direction. 


e An overview of subprime mortgage credit and subprime 


MBS. 


Credit rating agencies (CRAs) play an important role by 
helping to resolve many of the frictions in the securitization 
process. 

e A credit rating by a CRA represents an overall assess- 
ment and opinion of a debt obligor’s creditworthiness 
and is thus meant to reflect only credit or default risk. 

It is meant to be directly comparable across countries 
and instruments. Credit ratings typically represent an 
unconditional view, sometimes called “cycle-neutral” or 
“through-the-cycle.” 


Especially for investment grade ratings, it is very difficult to 
tell the difference between a “bad” credit rating and bad 
luck. 


The subprime credit rating process can be split into two 
steps: (1) estimation of a loss distribution, and (2) simula- 
tion of the cash flows. With a loss distribution in hand, it is 
straightforward to measure the amount of credit enhance- 


ment necessary for a tranche to attain a given credit rating. 


There seem to be substantial differences between 
corporate and asset backed securities (ABS) credit ratings 
(an MBS is just a special case of an ABS—the assets are 
mortgages). 

e Corporate bond (obligor) ratings are largely based on 
firm-specific risk characteristics. Since ABS structures rep- 
resent claims on cash flows from a portfolio of underlying 
assets, the rating of a structured credit product must take 
into account systematic risk. 

e ABS ratings refer to the performance of a static pool 
instead of a dynamic corporation. 

e ABS ratings rely heavily on quantitative models while cor- 
porate debt ratings rely heavily on analyst judgment. 

e Unlike corporate credit ratings, ABS ratings rely explicitly 
on a forecast of (macro)economic conditions. 

e While an ABS credit rating for a particular rating grade 
should have similar expected loss to corporate credit 
rating of the same grade, the volatility of loss (i.e. the 
unexpected loss) can be quite different across asset 
classes. 


' The fact that the market demands a higher yield for similarly rated 
structured products than for straight corporate bonds ought to provide 
a clue to the potential of higher risk. 


e Rating agency must respond to shifts in the loss 
distribution by increasing the amount of needed credit 
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enhancement to keep ratings stable as economic condi- 
tions deteriorate. It follows that the stabilizing of ratings 
through the cycle is associated with pro-cyclical credit 
enhancement: as the housing market improves, credit 
enhancement falls; as the housing market slows down, 
credit enhancement increases which has the potential to 
amplify the housing cycle. 


e An important part of the rating process involves simulating 
the cash flows of the structure in order to determine how 
much credit excess spread will receive towards meeting 
the required credit enhancement. This is very complicated, 
with results that can be rather sensitive to underlying 


model assumptions. 


18.3 INTRODUCTION 


How does one securitize a pool of mortgages, especially 
subprime mortgages? What is the process from origination 

of the loan or mortgage to the selling of debt instruments 
backed by a pool of those mortgages? What problems creep 
up in this process, and what are the mechanisms in place to 
mitigate those problems? This chapter seeks to answer all of 
these questions. Along the way we provide an overview of the 
market and some of the key players, and provide an extensive 
discussion of the important role played by the credit rating 
agencies. 


In the next section, we provide a broad description of the 
securitization process and pay special attention to seven key 
frictions that need to be resolved. Several of these frictions 
involve moral hazard, adverse selection and principal-agent 
problems. We show how each of these frictions is worked out, 
though as evidenced by the recent problems in the subprime 
mortgage market, some of those solutions are imperfect. 
Then we provide an overview of subprime mortgage credit; 
our focus here is on the subprime borrower and the subprime 
loan. We offer, as an example a pool of subprime mortgages 
New Century securitized in June 2006. We discuss how preda- 
tory lending and predatory borrowing (i.e. mortgage fraud) 
fit into the picture. Moreover, we examine subprime loan per- 
formance within this pool and the industry, speculate on the 
impact of payment reset, and explore the ABX and the role it 
plays. We will examine subprime mortgage-backed securities, 
discuss the key structural features of a typical securitization, 
and once again illustrate how this works with reference to 
the New Century securitization. We finish with an examina- 
tion of the credit rating and rating monitoring process. Along 
the way we reflect on differences between corporate and 
structured credit ratings, the potential for pro-cyclical credit 


enhancement to amplify the housing cycle, and document the 
performance of subprime ratings. Finally, we review the extent 
to which investors rely upon credit rating agencies views, and 
take as a typical example of an investor: the Ohio Police & Fire 


Pension Fund. 


We reiterate that the views presented here are our own and not 
those of the Federal Reserve Bank of New York or the Federal 
Reserve System. And, while the chapter focuses on subprime 
mortgage credit, note that there is little qualitative difference 
between the securitization and ratings process for Alt-A and 
home equity loans. Clearly, recent problems in mortgage mar- 
kets are not confined to the subprime sector. 


18.4 OVERVIEW OF SUBPRIME 
MORTGAGE CREDIT SECURITIZATION 


Until very recently, the origination of mortgages and issuance 
of mortgage-backed securities (MBS) was dominated by loans 
to prime borrowers conforming to underwriting standards set 
by the government-sponsored agencies (GSEs). Outside of 
conforming loans are non-agency asset classes that include 
Jumbo, Alt-A, and Subprime. Loosely speaking, the Jumbo 
asset class includes loans to prime borrowers with an original 
principal balance larger than the conforming limits imposed 
on the agencies by Congress;” the Alt-A asset class involves 
loans to borrowers with good credit but include more aggres- 
sive underwriting than the conforming or Jumbo classes 

(i.e. no documentation of income, high leverage); and the 
Subprime asset class involves loans to borrowers with poor 
credit history. 


Table 18.1 documents origination and issuance since 2001 

in each of four asset classes. In 2001, banks originated 

$1.433 trillion in conforming mortgage loans and issued $1.087 
trillion in mortgage-backed securities secured by those mort- 
gages, shown in the “Agency” columns of Table 18.1. In con- 
trast, the non-agency sector originated $680 billion 

($190 billion subprime + $60 billion Alt-A + $430 billion 
jumbo) and issued $240 billion ($87.1 billion subprime + $11.4 
Alt-A + $142.2 billion jumbo), and most of these were in the 
Jumbo sector. The Alt-A and Subprime sectors were relatively 
small, together comprising $250 billion of $2.1 trillion (12 percent) 
in total origination during 2001. 


A reduction in long-term interest rates through the end of 2003 
was associated with a sharp increase in origination and issuance 


2 This limit is currently $417,000. 
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FHLMC, and FNMA. Figures are in billions of USD. 
Source: Inside Mortgage Finance (2007). 


across all asset classes. While the conforming markets peaked in 
2003, the non-agency markets continued rapid growth through 
2005, eventually eclipsing activity in the conforming market. In 
2006, non-agency production of $1.480 trillion was more than 
45 percent larger than agency production, and non-agency 
issuance of $1.033 trillion was larger than agency issuance of 


$905 billion. 


Interestingly, the increase in Subprime and Alt-A origination 
was associated with a significant increase in the ratio of issu- 
ance to origination, which is a reasonable proxy for the fraction 
of loans sold. In particular, the ratio of subprime MBS issuance 
to subprime mortgage origination was close to 75 percent in 
both 2005 and 2006. While there is typically a one-quarter lag 
between origination and issuance, the data document that a 
large and increasing fraction of both subprime and Alt-A loans 
are sold to investors, and very little is retained on the balance 
sheets of the institutions who originate them. The process 
through which loans are removed from the balance sheet of 
lenders and transformed into debt securities purchased by 
investors is called securitization. 


The Seven Key Frictions 


The securitization of mortgage loans is a complex process that 
involves a number of different players. Figure 18.1 provides an 
overview of the players, their responsibilities, the important fric- 
tions that exist between the players, and the mechanisms used 
in order to mitigate these frictions. An overarching friction which 
plagues every step in the process is asymmetric information: 
usually one party has more information about the asset than 
another. We think that understanding these frictions and evalu- 
ating the mechanisms designed to mitigate their importance is 


essential to understanding how the securitization of subprime 


loans could generate bad outcomes.? 


Frictions between the Mortgagor and 
Originator: Predatory Lending 


The process starts with the mortgagor or borrower, who applies 
for a mortgage in order to purchase a property or to refinance 
an existing mortgage. The originator, possibly through a bro- 
ker (yet another intermediary in this process), underwrites and 
initially funds and services the mortgage loans. Table 18.2 
documents the top 10 subprime originators in 2006, which are 
a healthy mix of commercial banks and non-depository special- 
ized mono-line lenders. The originator is compensated through 
fees paid by the borrower (points and closing costs), and by 
the proceeds of the sale of the mortgage loans. For example, 
the originator might sell a portfolio of loans with an initial 
principal balance of $100 million for $102 million, correspond- 
ing to a gain on sale of $2 million. The buyer is willing to pay 
this premium because of anticipated interest payments on the 
principal. 


The first friction in securitization is between the borrower 

and the originator. In particular, subprime borrowers can be 
financially unsophisticated. For example, a borrower might be 
unaware of all of the financial options available to him. More- 
over, even if these options are known, the borrower might be 
unable to make a choice between different financial options that 
is in his own best interest. This friction leads to the possibility 


3 A recent piece in The Economist (September 20, 2007) provides a nice 
description of some of the frictions described here. 
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of predatory lending, defined by Morgan (2007) as the welfare- 
reducing provision of credit. The main safeguards against these 
practices are federal, state, and local laws prohibiting certain 
lending practices, as well as the recent regulatory guidance on 
subprime lending. See Appendix A for further discussion of 
these issues. 


Frictions between the Originator 
and the Arranger: Predatory Lending 
and Borrowing 


The pool of mortgage loans is typically purchased from the 
originator by an institution known as the arranger or issuer. The 
first responsibility of the arranger is to conduct due diligence 
on the originator. This review includes but is not limited to 
financial statements, underwriting guidelines, discussions with 
senior management, and background checks. The arranger is 
responsible for bringing together all the elements for the deal 
to close. In particular, the arranger creates a bankruptcy-remote 
trust that will purchase the mortgage loans, consults with the 
credit rating agencies in order to finalize the details about deal 
structure, makes necessary filings with the SEC, and underwrites 
the issuance of securities by the trust to investors. Table 18.3 
documents the list of the top 10 subprime MBS issuers in 2006. 
In addition to institutions which both originate and issue on 
their own, the list of issuers also includes investment banks 


LEIJ CME: Top Subprime MBS Issuers 
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Source: Inside Mortgage Finance (2007). 


that purchase mortgages from originators and issue their own 
securities. The arranger is typically compensated through fees 
charged to investors and through any premium that investors 
pay on the issued securities over their par value. 


The second friction in the process of securitization involves an 
information problem between the originator and arranger. In 
particular, the originator has an information advantage over the 
arranger with regard to the quality of the borrower. Without 
adequate safeguards in place, an originator can have the incen- 
tive to collaborate with a borrower in order to make significant 
misrepresentations on the loan application, which, depending 
on the situation, could be either construed as predatory lend- 
ing (the lender convinces the borrower to borrow “too much”) 
or predatory borrowing (the borrower convinces the lender to 
lend “too much”). See Appendix B on predatory borrowing for 
further discussion. 


There are several important checks designed to prevent mort- 
gage fraud, the first being the due diligence of the arranger. 

In addition, the originator typically makes a number of repre- 
sentations and warranties (R&W) about the borrower and the 
underwriting process. When these are violated, the originator 
generally must repurchase the problem loans. However, in order 
for these promises to have a meaningful impact on the friction, 
the originator must have adequate capital to buy back those 
problem loans. Moreover, when an arranger does not conduct or 
routinely ignores its own due diligence, as suggested in a recent 
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Reuters piece by Rucker (1 Aug 2007), there is little to stop the 
originator from committing widespread mortgage fraud. 


Frictions between the Arranger and 
Third Parties: Adverse Selection 


There is an important information asymmetry between the 
arranger and third parties concerning the quality of mortgage 
loans. In particular, the fact that the arranger has more information 
about the quality of the mortgage loans creates an adverse 
selection problem: the arranger can securitize bad loans (the 
lemons) and keep the good ones (or securitize them elsewhere). 
This third friction in the securitization of subprime loans affects 

the relationship that the arranger has with the warehouse lender, 
the credit rating agency (CRA), and the asset manager. We discuss 
how each of these parties responds to this classic lemons problem. 


The arranger is responsible for funding the mortgage loans until 
all of the details of the securitization deal can be finalized. When 
the arranger is a depository institution, this can be done eas- 

ily with internal funds. However, mono-line arrangers typically 
require funding from a third-party lender for loans kept in the 
“warehouse” until they can be sold. Since the lender is uncertain 
about the value of the mortgage loans, it must take steps to 
protect itself against overvaluing their worth as collateral. This 

is accomplished through due diligence by the lender, haircuts to 
the value of collateral, and credit soreads. The use of haircuts to 
the value of collateral imply that the bank loan is over-collateral- 
ized (O/C)—it might extend a $9 million loan against collateral 
of $10 million of underlying mortgages—forcing the arranger to 
assume a funded equity position—in this case $1 million—in the 
loans while they remain on its balance sheet. 


We emphasize this friction because an adverse change in the 
warehouse lender's views of the value of the underlying loans 
can bring an originator to its knees. The failure of dozens of 
mono-line originators in the first half of 2007 can be explained in 
large part by the inability of these firms to respond to increased 
demands for collateral by warehouse lenders (Wei, 2007; 
Sichelman, 2007). 


The pool of mortgage loans is sold by the arranger to a 
bankruptcy-remote trust, which is a special-purpose vehicle that 
issues debt to investors. This trust is an essential component 

of credit risk transfer, as it protects investors from bankruptcy 
of the originator or arranger. Moreover, the sale of loans to the 
trust protects both the originator and arranger from losses on 


the mortgage loans, provided that there have been no breaches 
of representations and warranties made by the originator. 


The arranger underwrites the sale of securities secured by the 
pool of subprime mortgage loans to an asset manager, who is 
an agent for the ultimate investor. However, the information 
advantage of the arranger creates a standard lemons problem. 
This problem is mitigated by the market through the follow- 
ing means: reputation of the arranger, the arranger providing a 
credit enhancement to the securities with its own funding, and 
any due diligence conducted by the portfolio manager on the 
arranger and originator. 


# 


The rating agencies assign credit ratings on mortgage-backed 
securities issued by the trust. These opinions about credit qual- 
ity are determined using publicly available rating criteria, which 
map the characteristics of the pool of mortgage loans into an 
estimated loss distribution. From this loss distribution, the rat- 
ing agencies calculate the amount of credit enhancement that 

a security requires in order for it to attain a given credit rating. 
The opinion of the rating agencies is vulnerable to the lemons 
problem (the arranger likely still knows more) because they only 
conduct limited due diligence on the arranger and originator. 


Frictions between the Servicer and 
the Mortgagor: Moral Hazard 


The trust employs a servicer who is responsible for collection and 
remittance of loan payments, making advances of unpaid interest 
by borrowers to the trust, accounting for principal and interest, 
customer service to the mortgagors, holding escrow or impound- 
ing funds related to payment of taxes and insurance, contacting 
delinquent borrowers, and supervising foreclosures and property 
dispositions. The servicer is compensated through a periodic fee 
paid by the trust. Table 18.4 documents the top 10 subprime 
servicers in 2006, which is a mix of depository institutions and 
specialty non-depository mono-line servicing companies. 


Moral hazard refers to changes in behavior in response to redis- 
tribution of risk, e.g., insurance may induce risk-taking behavior 
if the insured does not bear the full consequences of bad out- 
comes. Here we have a problem where one party (the mort- 
gagor) has unobserved costly effort that affects the distribution 
over cash flows that are shared with another party (the servicer), 
and the first party has limited liability (it does not share in down- 
side risk). In managing delinquent loans, the servicer is faced 
with a standard moral hazard problem vis-a-vis the mortgagor. 
When a servicer has the incentive to work in investors’ best 
interest, it will manage delinquent loans in a fashion to minimize 
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losses. A mortgagor struggling to make a mortgage payment is 
also likely struggling to keep hazard insurance and property tax 
bills current, as well as conduct adequate maintenance on the 
property. The failure to pay property taxes could result in costly 
liens on the property that increase the costs to investors of ulti- 
mately foreclosing on the property. The failure to pay hazard 
insurance premiums could result in a lapse in coverage, expos- 
ing investors to the risk of significant loss. And the failure to 
maintain the property will increase expenses to investors in mar- 
keting the property after foreclosure and possibly reduce the 
sale price. The mortgagor has little incentive to expend effort or 
resources to maintain a property close to foreclosure. 


In order to prevent these potential problems from surfacing, it is 
standard practice to require the mortgagor to regularly escrow 
funds for both insurance and property taxes. When the borrower 
fails to advance these funds, the servicer is typically required 

to make these payments on behalf of the investor. In order to 
prevent lapses in maintenance from creating losses, the servicer 
is encouraged to foreclose promptly on the property once it is 
deemed uncollectible. An important constraint in resolving this 
latter issue is that the ability of a servicer to collect on a delin- 
quent debt is generally restricted under the Real Estate Settle- 
ment Procedures Act, Fair Debt Collection Practices Act and 
state deceptive trade practices statutes. In a recent court case, 
a plaintiff in Texas alleging unlawful collection activities against 
Ocwen Financial was awarded $12.5 million in actual and puni- 
tive damages. 


Frictions between the Servicer and Third 
Parties: Moral Hazard 


The servicer can have a significantly positive or negative effect 
on the losses realized from the mortgage pool. Moody's esti- 
mates that servicer quality can affect the realized level of losses 
by plus or minus 10 percent. This impact of servicer quality on 
losses has important implications for both investors and credit 
rating agencies. In particular, investors want to minimize losses 
while credit rating agencies want to minimize the uncertainty 
about losses in order to make accurate opinions. In each case 
articulated below we have a similar problem as in the fourth fric- 
tion, namely where one party (here the servicer) has unobserved 
costly effort that affects the distribution over cash flows which 
are shared with other parties, and the first party has limited 
liability (it does not share in downside risk). 


The servicing fee is a flat percentage of the outstanding princi- 
pal balance of mortgage loans. The servicer is paid first out of 
receipts each month before any funds are advanced to investors. 
Since mortgage payments are generally received at the 


4 Several points raised in this section were first raised in a 20 Febru- 
ary 2007 post on the blog http://calculatedrisk.blogspot.com/ entitled 
“Mortgage Servicing for Ubernerds.” 
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beginning of the month and investors receive their distributions 
near the end of the month, the servicer benefits from being able 
to earn interest on float.” 


There are two key points of tension between investors and the 
servicer: (a) reasonable reimbursable expenses, and (b) the deci- 
sion to modify and foreclose. We discuss each of these in turn. 


In the event of a delinquency, the servicer must advance unpaid 
interest (and sometimes principal) to the trust as long as it is 
deemed collectable, which typically means that the loan is less 
than 90 days delinquent. In addition to advancing unpaid inter- 
est, the servicer must also keep paying property taxes and insur- 
ance premiums as long as it has a mortgage on the property. 

In the event of foreclosure, the servicer must pay all expenses 
out of pocket until the property is liquidated, at which point it is 
reimbursed for advances and expenses. The servicer has a natu- 
ral incentive to inflate expenses, especially in good times when 
recovery rates on foreclosed property are high. 


Note that the un-reimbursable expenses of the servicer are 
largely fixed and front-loaded: registering the loan in the ser- 
vicing system, getting the initial notices out, doing the initial 
escrow analysis and tax setups, etc. At the same time, the 
income of the servicer is increasing in the amount of time that 
the loan is serviced. It follows that the servicer would prefer to 
keep the loan on its books for as long as possible. This means 
it has a strong preference to modify the terms of a delinquent 
loan and to delay foreclosure. 


Resolving each of these problems involves a delicate balance. 
On the one hand, one can put hard rules into the pooling and 
servicing agreement limiting loan modifications, and an investor 
can invest effort into actively monitoring the servicer’s expenses. 
On the other hand, the investor wants to give the servicer flex- 
ibility to act in the investor's best interest and does not want to 
incur too much expense in monitoring. This latter point is espe- 
cially true since other investors will free-ride off of any one inves- 
tor's effort. It is not surprising that the credit rating agencies 
play an important role in resolving this collective action problem 
through servicer quality ratings. 


In addition to monitoring effort by investors, servicer quality 
ratings, and rules about loan modifications, there are two other 
important ways to mitigate this friction: servicer reputation and 
the master servicer. As the servicing business is an important 
counter-cyclical source of income for banks, one would think 
that these institutions would work hard on their own to minimize 
this friction. The master servicer is responsible for monitoring 


> In addition to the monthly fee, the servicer generally gets to keep late 
fees. This can tempt a servicer to post payments in a tardy fashion or not 
make collection calls until late fees are assessed. 


the performance of the servicer under the pooling and servicing 
agreement. It validates data reported by the servicer, reviews 
the servicing of defaulted loans, and enforces remedies of ser- 
vicer default on behalf of the trust. 


Given the impact of servicer quality on losses, the accuracy of 
the credit rating placed on securities issued by the trust is vul- 
nerable to the use of a low quality servicer. In order to minimize 
the impact of this friction, the rating agencies conduct due dili- 
gence on the servicer, use the results of this analysis in the rating 
of mortgage-backed securities, and release their findings to the 
public for use by investors. 


Servicer quality ratings are intended to be an unbiased bench- 
mark of a loan servicer’s ability to prevent or mitigate pool 
losses across changing market conditions. This evaluation 
includes an assessment of collections/customer service, loss 
mitigation, foreclosure timeline management, management, 
staffing & training, financial stability, technology and disaster 
recovery, legal compliance and oversight and financial strength. 
In constructing these quality ratings, the rating agency attempts 
to break out the actual historical loss experience of the servicer 
into an amount attributable to the underlying credit risk of the 
loans and an amount attributable to the servicer’s collection and 
default management ability. 


Frictions between the Asset Manager 
and Investor: Principal-Agent 


The investor provides the funding for the purchase of the 
mortgage-backed security. As the investor is typically financially 
unsophisticated, an agent is employed to formulate an invest- 
ment strategy, conduct due diligence on potential investments, 
and find the best price for trades. Given differences in the degree 
of financial sophistication between the investor and an asset 
manager, there is an obvious information problem between the 
investor and portfolio manager that gives rise to the sixth friction. 


In particular, the investor will not fully understand the invest- 
ment strategy of the manager, has uncertainty about the man- 
ager’s ability, and does not observe any effort that the manager 
makes to conduct due diligence. This principal (investor)-agent 
(manager) problem is mitigated through the use of investment 
mandates, and the evaluation of manager performance relative 


to a peer benchmark or its peers. 


As one example, a public pension might restrict the investments 
of an asset manager to debt securities with an investment grade 


credit rating and evaluate the performance of an asset manager 
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relative to a benchmark index. However, there are other relevant 
examples. The FDIC, which is an implicit investor in commer- 

cial banks through the provision of deposit insurance, prevents 
insured banks from investing in speculative-grade securities or 
enforces risk-based capital requirements that use credit ratings 
to assess risk-weights. An actively-managed collateralized debt 
obligation (CDO) imposes covenants on the weighted average 
rating of securities in an actively-managed portfolio as well as 
the fraction of securities with a low credit rating. 


As investment mandates typically involve credit ratings, it should 
be clear that this is another point where the credit rating agen- 
cies play an important role in the securitization process. By 
presenting an opinion on the riskiness of offered securities, the 
rating agencies help resolve the information frictions that exist 
between the investor and the portfolio manager. Credit ratings 
are intended to capture the expectations about the long-run 
or through-the-cycle performance of a debt security. A credit 
rating is fundamentally a statement about the suitability of an 
instrument to be included in a risk class, but importantly, it is 
an opinion only about credit risk. It follows that the opinion of 
credit rating agencies is a crucial part of securitization, because 
in the end the rating is the means through which much of the 
funding by investors finds its way into the deal. 


Frictions between the Investor and the 
Credit Rating Agencies: Model Error 


The rating agencies are paid by the arranger and not investors for 
their opinion, which creates a potential conflict of interest. Since 
an investor is not able to assess the efficacy of rating agency 
models, they are susceptible to both honest and dishonest errors 
on the agencies’ part. The information asymmetry between inves- 
tors and the credit rating agencies is the seventh and final friction 
in the securitization process. Honest errors are a natural byprod- 
uct of rapid financial innovation and complexity. On the other 
hand, dishonest errors could be driven by the dependence of rat- 
ing agencies on fees paid by the arranger (the conflict of interest). 


Some critics claim that the rating agencies are unable to objec- 
tively rate structured products due to conflicts of interest cre- 
ated by issuer-paid fees. Moody's, for example, made 44% of 
its revenue last year from structured finance deals (Tomlinson 
and Evans, 2007). Such assessments also command more than 
double the fee rates of simpler corporate ratings, helping keep 
Moody’s operating margins above 50% (Economist, 2007). 


Beales, Scholtes and Tett (15 May 2007) write in the Financial 
Times: 


The potential for conflicts of interest in the agencies’ 
“issuer pays” model has drawn fire before, but the scale 


of their dependence on investment banks for structured 
finance business gives them a significant incentive to look 
kindly on the products they are rating, critics say. From 
his office in Paris, the head of the Autorite des Marches 
Financiers, the main French financial regulator, is raising 
fresh questions over their role and objectivity. Mr Prada 
sees the possibility for conflicts of interest similar to those 
that emerged in the audit profession when it drifted into 
consulting. Here, the integrity of the auditing work was 
threatened by the demands of winning and retaining cli- 
ents in the more lucrative consultancy business, a conflict 
that ultimately helped bring down accountants Arthur 
Andersen in the wake of Enron’s collapse. “I do hope that 
it does not take another Enron for everyone to look at the 
issue of rating agencies,” he says. 


This friction is minimized through two devices: the reputation of 
the rating agencies and the public disclosure of ratings and 
downgrade criteria. For the rating agencies, their business is 
their reputation, so it is difficult—though not impossible—to 
imagine that they would risk deliberately inflating credit ratings 
in order to earn structuring fees, thus jeopardizing their fran- 
chise. Moreover, with public rating and downgrade criteria, any 
deviations in credit ratings from their models are easily observed 
by the public.® 


Five Frictions that Caused 
the Subprime Crisis 


We believe that five of the seven frictions discussed above help 
to explain the breakdown in the subprime mortgage market. 


The problem starts with friction #1: many products offered to 
subprime borrowers are very complex and subject to misunder- 
standing and/or misrepresentation. This opened the possibility 
of both excessive borrowing (predatory borrowing) and exces- 
sive lending (predatory lending). 


At the other end of the process we have the principal-agent 
problem between the investor and asset manager (friction #6). 
In particular, it seems that investment mandates do not ade- 
quately distinguish between structured and corporate credit rat- 
ings. This is a problem because asset manager performance is 
evaluated relative to peers or relative to a benchmark index. It 
follows that asset managers have an incentive to reach for yield 


© We think that there are two ways these errors could emerge. One, the 
rating agency builds its model honestly, but then applies judgment in a 
fashion consistent with its economic interest. The average deal is struc- 
tured appropriately, but the agency gives certain issuers better terms. 
Two, the model itself is knowingly aggressive. The average deal is struc- 
tured inadequately. 


Chapter 18 Understanding the Securitization of Subprime Mortgage Credit E 379 


by purchasing structured debt issues with the same credit rating 


but higher coupons as corporate debt issues.’ 


Initially, this portfolio shift was likely led by asset managers 
with the ability to conduct their own due diligence, recogniz- 
ing value in the wide pricing of subprime mortgage-backed 
securities. However, once the other asset managers started to 
under-perform their peers, they likely made similar portfolio 
shifts, but did not invest the same effort into due diligence of 
the arranger and originator. 


This phenomenon worsened the friction between the arranger 
and the asset manager (friction #3). In particular, without due 
diligence by the asset manager, the arranger’s incentives to con- 
duct its own due diligence are reduced. Moreover, as the market 
for credit derivatives developed, including but not limited to 
the ABX, the arranger was able to limit its funded exposure to 
securitizations of risky loans. Together, these considerations 
worsened the friction between the originator and arranger, 
opening the door for predatory borrowing and providing incen- 
tives for predatory lending (friction #2). In the end, the only 
constraint on underwriting standards was the opinion of the rat- 
ing agencies. With limited capital backing representations and 
warranties, an originator could easily arbitrage rating agency 
models, exploiting the weak historical relationship between 
aggressive underwriting and losses in the data used to calibrate 
required credit enhancement. 


The inability of the rating agencies to recognize this arbitrage by 
originators and respond appropriately meant that credit ratings 
were assigned to subprime mortgage-backed securities with 
significant error. The friction between investors and the rating 
agencies is the final nail in the coffin (friction #7). Even though 
the rating agencies publicly disclosed their rating criteria for 
subprime, investors lacked the ability to evaluate the efficacy of 
these models. 


While we have identified seven frictions in the mortgage secu- 
ritization process, there are mechanisms in place to mitigate or 
even resolve each of these frictions, including, for example, anti- 
predatory lending laws and regulations. As we have seen, some 
of these mechanisms have failed to deliver as promised. Is it hard 
to fix this process? We believe not, and we think the solution 
might start with investment mandates. Investors should realize 
the incentives of asset managers to push for yield. Investments 
in structured products should be compared to a benchmark 
index of investments in the same asset class. When investors or 
asset managers are forced to conduct their own due diligence 
in order to outperform the index, the incentives of the arranger 


’ The fact that the market demands a higher yield for similarly rated 
structured products than for straight corporate bonds ought to provide 
a clue to the potential of higher risk. 


and originator are restored. Moreover, investors should demand 
that either the arranger or originator—or even both—retain the 
first-loss or equity tranche of every securitization, and disclose 

all hedges of this position. At the end of the production chain, 
originators need to be adequately capitalized so that their repre- 
sentations and warranties have value. Finally, the rating agencies 
could evaluate originators with the same rigor that they evaluate 
servicers, including perhaps the designation of originator ratings. 


It is not clear to us that any of these solutions require additional 
regulation, and note that the market is already taking steps 

in the right direction. For example, the credit rating agencies 
have already responded with greater transparency and have 
announced significant changes in the rating process. In addi- 
tion, the demand for structured credit products generally and 
subprime mortgage securitizations in particular has declined sig- 
nificantly as investors have started to re-assess their own views of 
the risk in these products. Along these lines, it may be advisable 
for policymakers to give the market a chance to self-correct. 


18.5 AN OVERVIEW OF SUBPRIME 
MORTGAGE CREDIT 


In this section, we shed some light on the subprime mortgagor, 
work through the details of a typical subprime mortgage loan, and 
review the historical performance of subprime mortgage credit. 


In order to keep the discussion from becoming too abstract, we 
find it useful to frame many of these issues in the context of a 
real-life example that will be used throughout the chapter. In 
particular, we focus on a securitization of 3,949 subprime loans 
with aggregate principal balance of $881 million originated by 
New Century Financial in the second quarter of 2006.° 


Our view is that this particular securitization is interesting 
because illustrates how typical subprime loans from what proved 
to be the worst-performing vintage came to be originated, 
structured, and ultimately sold to investors. In each of the years 
2004 to 2006, New Century Financial was the second largest 
subprime lender, originating $51.6 billion in mortgage loans 
during 2006 (Inside Mortgage Finance, 2007). Volume grew at a 
compound annual growth rate of 59% between 2000 and 2004. 
The backbone of this growth was an automated internet-based 


8 The details of this transaction are taken from the prospectus filed with 
the SEC and with monthly remittance reports filed with the Trustee. The 
former is available online using the Edgar database at http://www.sec 
.gov/edgar/searchedgar/companysearch.html with the company name 
GSAMP Trust 2006-NC2 while the latter is available with free registration 
from http://www.absnet.net/. 
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loan submission and pre-approval system called FastQual. The 
performance of New Century loans closely tracked that of the 
industry through the 2005 vintage (Moody's, 2005b). However, 
the company struggled with early payment defaults in early 
2007, failed to meet a call for more collateral on its warehouse 
lines of credit on March 2, 2007 and ultimately filed for bank- 
ruptcy protection on April 2, 2007. The junior tranches of this 
securitization were part of the historical downgrade action by 
the rating agencies during the week of July 9, 2007 that affected 
almost half of first-lien home equity ABS deals issued in 2006. 


As illustrated in Figure 18.2, these loans were initially purchased 
by a subsidiary of Goldman Sachs, who in turn sold the loans to 

a bankruptcy-remote special purpose vehicle named GSAMP 
TRUST 2006-NC2. The trust funded the purchase of these loans 
through the issue of asset-backed securities, which required the 
filing of a prospectus with the SEC detailing the transaction. New 
Century serviced the loans initially, but upon creation of the trust, 
this business was transferred to Ocwen Loan Servicing, LLC in 
August 2006, who receives a fee of 50 basis points (or $4.4 mil- 
lion) per year on a monthly basis. The master servicer and securi- 
ties administrator is Wells Fargo, who receives a fee of 1 basis 
point (or $881K) per year on a monthly basis. The prospectus 
includes a list of 26 reps and warranties made by the originator. 
Some of the items include: the absence of any delinquencies or 
defaults in the pool; compliance of the mortgages with federal, 
state, and local laws; the presence of title and hazard insurance; 
disclosure of fees and points to the borrower; statement that 

the lender did not encourage or require the borrower to select a 
higher cost loan product intended for less creditworthy borrow- 
ers when they qualified for a more standard loan product. 


New Century Financial 
Originator 
Initial Servicer 


Ocwen 
Servicer 


Goldman Sachs 
Arranger 
Swap Counterparty 


Moody’s, S&P 
Credit Rating Agencies 


Wells Fargo 
Master Servicer 


18.6 WHO IS THE SUBPRIME 
MORTGAGOR? 


The 2001 Interagency Expanded Guidance for Subprime Lend- 
ing Programs defines the subprime borrower as one who gener- 
ally displays a range of credit risk characteristics, including one 
or more of the following: 


e Two or more 30-day delinquencies in the last 12 months, or 
one or more 60-day delinquencies in the last 24 months; 


e Judgment, foreclosure, repossession, or charge-off in the 
prior 24 months; 


e Bankruptcy in the last five years; 


e Relatively high default probability as evidenced by, for example, 
a credit bureau risk score (FICO) of 660 or below (depending 
on the product/collateral), or other bureau or proprietary scores 
with an equivalent default probability likelihood; and/or, 


e Debt service-to-income ratio of 50 percent or greater; or, other- 
wise limited ability to cover family living expenses after deduct- 
ing total debt-service requirements from monthly income. 


The pool of mortgage loans used as collateral in the New 
Century securitization can be summarized as follows: 


e 98.7% of the mortgage loans are first-lien. The rest are 
second-lien home equity loans. 


e 43.3% are purchase loans, meaning that the mortgagor's 
stated purpose for the loan was to purchase a property. The 
remaining loans’ stated purpose are cash-out refinance of 

existing mortgage loans. 


* 90.7% of the mortgagors claim to 
occupy the property as their primary 
residence. The remaining mortgagors 
claim to be investors or purchasing 
second homes. 


* 73.4% of the mortgaged properties 
are single-family homes. The remain- 
ing properties are split between multi- 
family dwellings or condos. 


Securities Administrator * 38.0% and 10.5% are secured by 


GSAMP Trust 2006-NC2 
Bankruptcy-remote trust 
Issuing entity 


| Figure 18.2 | Key institutions surrounding GSAMP Trust 2006-NC2. 


Source: Prospectus filed with the SEC of GSAMP 2006-NC2. 


residences in California and Florida, 
respectively, the two dominant states 
in this securitization. 


Deutsche Bank 
Trustee 


* The average borrower in the pool has 
a FICO score of 626. Note that 31.4% 
have a FICO score below 600, 51.9% 
between 600 and 660, and 16.7% 
above 660. 
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e The combined loan-to value ratio is sum of the original 
principal balance of all loans secured by the property to its 
appraised value. The average mortgage loan in the pool has 
a CLTV of 80.34%. However, 62.1% have a CLTV of 80% or 
lower, 28.6% between 80% and 90%, and 9.3% between 90% 
and 100%. 


e The ratio of total debt service of the borrower (including the 
mortgage, property taxes and insurance, and other monthly 
debt payments) to gross income (income before taxes) is 
41.78%. 


It is worth pausing here to make a few observations. First, the 
stated purpose of the majority of these loans is not to purchase 
a home, but rather to refinance an existing mortgage loan. 
Second, 90 percent of the borrowers in this portfolio have at 
least 10 percent equity in their homes. Third, while it might be 
surprising to find borrowers with a FICO score above 660 in the 
pool, these loans are much more aggressively underwritten than 
the loans to the lower FICO-score borrowers. In particular, while 
not reported in the figures above, loans to borrowers with high 


FICO scores tend to be much larger, have a higher CLTV, are less 
likely to use full documentation, and are less likely to be owner- 
occupied. The combination of good credit with aggressive 
underwriting suggests that many of these borrowers could be 
investors looking to take advantage of rapid home price appre- 
ciation in order to re-sell houses for profit. Finally, while the 
average loan size in the pool is $223,221, much of the aggre- 
gate principal balance of the pool is made up of large loans. 

In particular, 24% of the total number of loans are in excess of 
$300,000 and make up about 45% of the principal balance of 
the pool. 


Table 18.5 documents average borrower characteristics for loans 
contained in Alt-A and Subprime MBS pools in panels (A) and (B), 
respectively, broken out by year of origination. The most dramatic 
difference between the two panels is the credit score, as the 
average Alt-A borrower has a FICO score that is 85 points higher 
than the average subprime borrower in 2006 (703 versus 623). 


LE) (wat: Underwriting Characteristics of Loans in MBS Pools 


1999 
2000 


No 
Prepayment 
Silent 2" lien 


Penalty 


2001 703 1.4 


2002 
2003 
2004 
2005 
2006 
B. Subprime Loans 
1999 
2000 


68.7 30.1 0.5 
13 


2001 2.8 


2002 
2003 
2004 
2005 
2006 


All entries are in percentage points except FICO. 


Source: LoanPerformance (2007). 
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Subprime borrowers typically have a higher CLTV, but are more 


likely to document income and are less likely to purchase a home. 


Alt-A borrowers are more likely to be investors and are more 
likely to have silent 2nd liens on the property. Together, these 
summary statistics suggest that the example securitization dis- 
cussed seems to be representative of the industry, at least with 
respect to stated borrower characteristics. 


The industry data is also useful to better understand trends in 
the subprime market that one would not observe by focusing 
on one deal from 2006. In particular, the CLTV of a subprime 
loan has been increasing since 1999, as has the fraction of loans 
with silent second-liens. A silent second is a second mortgage 
that was not disclosed to the first mortgage lender at the time 
of origination. Moreover, the table illustrates that borrowers 
have become less likely to document their income over time, 
and that the fraction of borrowers using the loan to purchase 
a property has increased significantly since the start of the 
decade. Together, these data suggest that the average sub- 
prime borrower has become significantly more risky in the last 
two years. 


What Is a Subprime Loan? 


Table 18.6 documents that only 8.98% of the loans by 
dollar-value in the New Century pool are traditional 30-year 
fixed-rate mortgages (FRMs). The pool also includes a small 
fraction—2.81%—of fixed-rate mortgages which amortize over 
40 years, but mature in 30 years, and consequently have a bal- 
loon payment after 30 years. Note that 88.2% of the mortgage 
loans by dollar value are adjustable-rate loans (ARMs), and that 


each of these loans is a variation on the 2/28 and 3/27 hybrid 
ARM. These loans are known as hybrids because they have 

both fixed and adjustable-rate features to them. In particular, 
the initial monthly payment is based on a “teaser” interest 

rate that is fixed for the first two (for the 2/28) or three (for the 
3/27) years, and is lower than what a borrower would pay for a 
30-year fixed-rate mortgage (FRM). The table documents that 
the average initial interest rate for a vanilla 2/28 loan in the first 
row is 8.64%. However, after this initial period, the monthly pay- 
ment is based on a higher interest rate, equal to the value of an 
interest rate index (i.e., 6- month LIBOR) measured at the time 
of adjustment, plus a margin that is fixed for the life of the loan. 
Focusing again on the first 2/28, the margin is 6.22% and LIBOR 
at the time of origination is 5.31%. This interest rate is updated 
every six months for the life of the loan, and is subject to limits 
called adjustment caps on the amount that it can increase: the 
cap on the first adjustment is called the initial cap; the cap on 
each subsequent adjustment is called the period cap; the cap 
on the interest rate over the life of the loan is called the lifetime 
cap; and the floor on the interest rate is called the floor. In our 
example of a simple 2/28 ARM, these caps are equal to 1.49%, 
1.50%, 15.62%, and 8.62% for the average loan. More than half 
of the dollar value of the loans in this pool are a 2/28 ARM with 
a 40-year amortization schedule in order to calculate monthly 
payments. A substantial fraction are a 2/28 ARM with a five-year 
interest-only option. This loan permits the borrower to only pay 
interest for the first 60 months of the loan, but then must make 
payments in order to repay the loan in the final 25 years. While 
not noted in the table, the prospectus indicates that none of the 
mortgage loans carry mortgage insurance. Moreover, approxi- 
mately 72.5% of the loans include prepayment penalties which 
expire after one to three years. 


LEIJORE:X:J Loan Type in the GSAMP 2006-NC2 Mortgage Loan Pool 


ee lee Initial Periodic | Lifetime ay ay Notional 

Loan Type Rate Cap ap Cap Period | ($m) % Total 
FIXED 8.98% 
FIXED 40-year Balloon 2.81% 
2/28 ARM 25.08% 
E EEE 
2/28 ARM IO p77 | es | 1s | 15 | 1475 | 775 | éo | store | 11.48% 
3/27 ARM zæ | 606 | 1s | 1s | ias | zas | x | sin] 019% 
3/27 ARM 40-year Balloon 0.17% 


LIBOR is 5.31% at the time of issue. Notional amount is reported in millions of dollars. 


Source: SEC filings, Author's calculations. 
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These ARMs are rather complex financial instruments with pay- 
out features often found in interest rate derivatives. In contrast 
to a FRM, the mortgagor retains most of the interest rate risk, 
subject to a collar (a floor and a cap). Note that most mortgagors 


are not in a position to easily hedge away this interest rate risk. 


Table 18.7 illustrates the monthly payment across loan type, 
using the average terms for each loan type, a principal bal- 
ance of $225,000, and making the assumption that six-month 
LIBOR remains constant. The payment for the 30-year mortgage 
amortized over 40 years is lower due to the longer amortization 
period and a lower average interest rate. The latter loan is more 
risky from a lender's point of view because the borrower's equity 
builds more slowly and the borrower will likely have to refinance 
after 30 years or have cash equal to 84 monthly payments. The 
monthly payment for the 2/28 ARM is documented in the third 
column. When the index interest rate remains constant, the pay- 
ment increases by 14% in month 25 at initial adjustment and by 
another 12% in month 31. When amortized over 40 years, as 

in the fourth column, the payment shock is more severe as the 
loan balance is much higher in every month compared to the 


30-year amortization. In particular, the payment increases by 
18% in month 25 and another 14% in month 31. However, when 
the 2/28 is combined with an interest only option, the payment 
shock is even more severe since the principal balance does not 
decline at all over time when the borrower makes the minimum 
monthly payment. In this case, the payment increases by 19% in 
month 25, another 26% in month 31, and another 11% in month 
61 when the interest-only option expires. The 3/27 ARMs exhibit 
similar patterns in monthly payments over time. 


In order to better understand the severity of payment shock, 
Table 18.8 illustrates the impact of changes in the mortgage 
payment on the ratio of debt (service) to gross income. The 
table is constructed under the assumption that the borrower 
has no other debt than mortgage debt, and imposes an initial 
debt-to-income ratio of 40 percent, similar to that found in the 
mortgage pool. The third column documents that the debt-to- 
income ratio increases in month 31 to 50.45% for the simple 
2/28 ARM, to 52.86% for the 2/28 ARM amortized over 40 
years, and to 58.14% for the 2/28 ARM with an interest-only 
option. Without significant income growth over the first two 


LIELJCAHENA Monthly Payment across Mortgage Loan Type 


Monthly Payment Across Mortgage Loan Type 


Month 30-year fixed 


1 $1,633.87 
24 1.00 
25 1.00 
30 1.00 
31 1.00 


36 1.00 


1.00 
42 1.00 
43 1.00 


48 1.00 
49 1.00 
60 1.00 
61 1.00 
359 ; 
360 j 


w& 
“J 
—_ | — 
O | o 
© ie) 


Amortization 30 years 40 years 


30-year fixed 2/28 ARM 2/28 ARM 2/28 ARM IO 3/27 ARM 
$1,546.04 $1,701.37 $1,566.17 $1,404.01 $1,539, 12 


1.26 


o | næ f a | as o a 1.34 
no | i | az | ws | a 143 
1.27 1.43 
1.27 1.43 
1.27 


1% | 1o 
oo oma | e) 
oo oma | e 
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p26 | 1.32 
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00 
14 
14 
26 
26 
26 
26 
26 


30 years 


3/27 ARM 
$1,437.35 


1.00 1.00 
iA E 
E A 
E E 


1.00 
1.18 
1.18 
1.32 
pez 
1.82 
1.32 
1.32 
1.32 


1.27 1.43 
127 | 10560 
40 years 30 years 30 years 40 years 


The first line documents the average initial monthly payment for each loan type. The subsequent rows document the ratio of the future to the initial 
monthly payment under an assumption that LIBOR remains at 5.31% through the life of the loan. 


Source: SEC filing, Author's calculations. 
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LE)JGCMI:X:] Ratio of Debt to Income across Mortgage Loan Type 


Ratio of Debt to Income Across Mortgage Loan Type 


Month 3/27 ARM 
1 40.00% 
24 40.00% 
25 40.00% 
30 40.00% 
31 40.00% 
36 40.00% 
37 47.04% 
42 47.04% 
43 53.53% 
a8 53.53% 
49 57.08% 
60 57.08% 
61 57.08% 
359 57.08% 
7 TTR E 
Amortization 40 years 


The table documents the path of the debt-to-income ratio over the life of each loan type under an assumption that LIBOR remains at 5.31% through 


the life of the loan. The calculation assumes that all debt is mortgage debt. 


Source: SEC filing, Author's calculations. 


years of the loan, it seems reasonable to expect that borrow- 
ers will struggle to make these higher payments. It begs the 
question why such a loan was made in the first place. The likely 
answer is that lenders expected that the borrower would be 
able to refinance before payment reset. 


Table 18.9 documents the average terms of loans securitized 

in the Alt-A and subprime markets over the last eight years. 
Subprime loans are more likely than Alt-A loans to be ARMs, 
and are largely dominated by the 2/28 and 3/27 hybrid ARMs. 
Subprime loans are less likely to have an interest-only option 
or permit negative amortization (i.e. option ARM), but are 
more likely to have a 40-year amortization instead of a 30-year 
amortization. The table also documents that hybrid ARMs have 
become more important over time for both Alt-A and subprime 
borrowers, as have interest only options and the 40-year amor- 
tization term. In the end, the mortgage pool referenced in our 
motivating example does not appear to be very different from 
the average loan securitized by the industry in 2006. 


The immediate concern from the industry data is obviously 

the widespread dependency of subprime borrowers on what 
amounts to short-term funding, leaving them vulnerable to 
adverse shifts in the supply of subprime credit. Figure 18.3 
documents the timing ARM resets over the next six years, as 

of January 2007. Given the dominance of the 2/28 ARM, it 
should not be surprising that the majority of loans that will be 
resetting over the next two years are subprime loans. The main 
source of uncertainty about the future performance of these 
loans is driven by uncertainty over the ability of these borrowers 
to refinance. This uncertainty has been highlighted by rapidly 
changing attitudes of investors towards subprime loans (see 
Figure 18.4 on page 390 and Table 18.16 on page 391). Regula- 
tors have released guidance on subprime loans that forces a 
lender to qualify a borrower on a fully-indexed and amortizing 
interest rate and discourages the use of stated-income loans. 
Moreover, recent changes in structuring criteria by the rat- 

ing agencies have prompted several subprime lenders to stop 
originating hybrid ARMs. Finally, activity in the housing market 
has slowed down considerably, as the median price of existing 
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LIEJCMESA Terms of Mortgage Loans in MBS Pools 


A. Alt-A 

1999 | 63 | 26 | o | 19 | og | o0 | 0.0 
2000 0.1 
2001 | 200 | 49 | A | o a T aa T a 0.0 
2002 | 0.0 
2003 , 0.1 
2004 | 67 | 89 | 167 | 240 | 44 | 103 0.5 
2005 34.2 a7 
2006 42.3 11.0 


B. Subprime 
1999 0.0 
2000 
2001 0.0 


0.0 
0.0 
0.0 
5.0 
26.9 


| 660 
2002 i 
2003 
2004 l 
2005 
2006 


Source: LoanPerformance (2007). 
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Source: Credit Suisse Fixed Income U.S. Mortgage Strategy. 
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LEIJCME:MLI Origination and Issue of Non-Agency Mortgage Loans 


Reset size ($ billions) 


A (0-25%) 


Initial interest rate 
Red (1.0-3.9%) 
Yellow (4.0-6.49%) 
Orange (6.5-12%) 


Total $811 $793 


Source: Cagan (2007); data refer to all ARMs originated 2004-2006. 


homes has declined for the first time in decades with historically 
high levels of inventory and vacant homes. 


The most important issue facing the subprime credit market 

is obviously the impact of payment reset on the ability of bor- 
rowers to continue making monthly payments. Given that over 
three-fourths of the subprime-loans underwritten over 2004 

to 2006 were hybrid ARMS, it is not difficult to understand the 
magnitude of the problem. But what is the likely outcome? The 
answer depends on a number of factors, including but not lim- 
ited to: the amount of equity that these borrowers have in their 
homes at the time of reset (which itself is a function of CLTV at 
origination and the severity of the decline in home prices), the 
severity of payment reset (which depends not only on the loan 
but also on the six-month LIBOR interest rate), and of course 


conditions in the labor market. 


A recent study by Cagan (2007) of mortgage payment reset tries 
to estimate what fraction of resetting loans will end up in fore- 
closure. The author presents evidence suggesting that in an 
environment of zero home price appreciation and full employ- 
ment, 12 percent of subprime loans will default due to reset. We 
review the key elements of this analysis.” 


Table 18.10 documents the amount of loans issued over 
2004-2006 that were still outstanding as of March 2007, broken 
out by initial interest rate group and payment reset size group. 
The data includes all outstanding securitized mortgage loans with 
a future payment reset date. Each row corresponds to a differ- 
ent initial interest rate bucket: RED corresponding to loans with 
initial rates between 1 and 3.9 percent; YELLOW corresponding 
to an initial interest rate of 4.0 to 6.49 percent; and ORANGE 
with an initial interest rate of 6.5 to 12 percent. Subprime loans 
can be easily identified by the high original interest rate in the 
third row (ORANGE). Each column corresponds to a different 


? The author is a PhD economist at First American, a credit union which 
owns LoanPerformance. 


o se | se | w | wo | s 


B (26-50%) C (51-99%) D (100%+) Total 


$460 $521 
woo | s% | sm 


$212 $460 


$2,276 


LEJ CKE:AEE Cumulative Distribution of Equity by 
Initial Interest Rate 


Initial Rate Group 


<-20% 2.7% 


<-15% 4.0 
<= 10% 6.2 
<-5% 11.6 
<o% | 11 | 86 | 224 
<5% 36.0 
<10% 47.7 
<15% 57.9 
<20% 67.3 
<25% 76.8 
<30% 84.6 


Source: Cagan (2007); data refer to all ARMs originated 2004-2006. 


payment reset size group under an assumption of no change in 
the 6-month LIBOR interest rate: A to payments which increase 
between 0 and 25 percent; B to payments which increase 
between 26 and 50 percent; C to payments which increase 
between 51 and 99 percent; and D to payments which increase 
by at least 100 percent. Note that almost all of subprime payment 
reset is in either the 0-25% or the 26-50% groups, with a little 
more than $300 billion in loans sitting in each group. There is a 
clear correlation in the table between the initial interest rate and 
the average size of the payment reset. The most severe payment 
resets appear to be the problem of Alt-A and Jumbo borrowers. 


Cagan helpfully provides estimates of the distribution of 
updated equity across the initial interest rate group in 

Table 18.11. The author uses an automated appraisal system 

in order to estimate the value of each property, and then con- 
structs an updated value of the equity for each borrower. The 
table reports the cumulative distribution of equity for each initial 
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LEIJCHEAFA Assumed Probability of Default by Reset Size and Equity Risk Group 


Reset Size Group 


> e p p 


100% or more 


Source: Cagan (2007). 


LELJCKHENEJ Summary of Foreclosure Estimates under 0% Home Price Appreciation 


A (25% or less) 35% 3.5% | 3033.1 | 106.2 

B (26-50%) 446.4 

C (51-99%) 182.1 
pf totat A E 
pL Percent foreclosures | 140% 


Source: Cagan (2007). 


interest rate bucket reported in the table above. Note that Estimates of foreclosure due to reset in an environment 


22.4 percent of subprime borrowers (ORANGE) are estimated of constant home prices are documented in Table 18.13. 
The author estimates that foreclosures due to reset will 
be 3.5% (= 06.2/3033.1) for the 0-25% reset group and 


13.5% (= 446.4/3282.8) for the 26-50% group. 


to have no equity in their homes, about half have no more 
than 10 percent, and two-thirds have less than 20 percent. 
Disturbingly, the table suggests that a national price decline of 


10 percent could put half of all subprime borrowers underwater. Giventne greater ead ick of Ubenime mongages donuk 


In order to transform this raw data into estimates of foreclosure mented in Table 18.11, a back-of-the-envelope calculation 
due to reset, the author makes assumptions in Table 18.12 
about the amount of equity or the size of payment reset and the prime mortgages. 
probability of foreclosures. 1° A borrower will only default given 
difficulty with payment reset and difficulty in refinancing. For 
earpiece! Dome weles Winey petweel a for the two payment reset size groups to be 5.5% and 21.6%, 
are assumed to face difficulty refinancing, while only 30% of bor- 
rowers with equity between 15% and 25% have difficulty. At the 


same time, the author assumes that only 10 percent of borrow- 


respectively. Note that the revised July 2007 economic forecast 
for Moody's called for this exact scenario by the end of 2008. 


ers with payment reset 0-25% will face difficulty with the higher Market conditions have deteriorated dramatically since this 


payment, while 70 percent with a payment reset of 51-99% will study was published, as the origination of both sub-prime and 


be unable to make the higher payment. Alt-A mortgage loans has all but disappeared, making the 


suggests that these numbers would be 4.5% and 18.6% for sub- 


The author also investigates a scenario where home prices fall by 
10 percent in Table 18.14, and estimates foreclosures due to reset 


10 The author offers no rationale for these figures, but the analysis here 
should be transparent enough that one could use different inputs to 
construct their own alternative scenarios. 


author's assumptions about equity risk even in the stress sce- 
nario for home prices look optimistic. Moreover, the author's 
original assumption that reset risk is constant across the credit 
spectrum is likely to be optimistic. In particular, sub-prime 
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borrowers are less likely to be able to handle payment reset, 
resulting with estimates of foreclosures that are quite modest 
relative to those in the research reports of investment banks. 


How Have Subprime Loans Performed? 


Table 18.15 documents how the GSAMP 2006-NC2 deal has 
performed through August 2007. The first three columns report 
mortgage loans still in the pool that are 30 days, 60 days, and 
90 days past due. The fourth column reports loans that are in 
foreclosure. The fifth column reports loans where the bank has 
title to the property. The sixth column reports actual cumulative 
losses. The last column documents the fraction of original loans 


that remain in the pool. 


What do these numbers imply for the expected performance of 
the mortgage pool? UBS (June 2007) outlines an approach to 
use actual deal performance in order to estimate lifetime losses. 
Using historical data on loans in an environment of low home 
price appreciation (less than five percent), the author documents 
that approximately 70 percent of loans in the 60-day, 90-day, 


and bankruptcy categories eventually default, defined as the 
event of foreclosure. Interestingly, only about 60 to 70 percent 
of loans in bankruptcy are actually delinquent. Moreover, these 
transitions into foreclosure take about four months. 


The amount of default “in the pipeline” for remaining loans in 
the next four months is constructed as follows: 


Pipeline default = 0.7 x (60-day + 90-day + bankruptcy) 
+ (foreclosure + real estate owned) 


For GSAMP 2006-NC2, the pipeline default from the August 
report is 15.45%, suggesting that this fraction of loans remaining 
in the pool are likely to default in the next four months. 


Total default is constructed by combining this measure with the 
fraction of loans remaining in the pool, actual cumulative losses 
to date, and an assumption about the severity of loss. In the 
UBS study, the author assumes a loss given default of 37%. 


Total default = pipeline default x (fraction of loans 
remaining) + (Cum loss)/(loss severity) 


For the GSAMP 2006-NC2, this number is 11.88%, which sug- 
gests that this fraction of the original pool will have defaulted in 
four months. 


LIEJCMLEACI = Summary of Foreclosure Estimates under 10% National Home Price Decline 


Reset Size Reset Risk 
A (25% or less) 
B (26-50%) 
C (51-99%) 


D (100% or more) 


Source: Cagan (2007). 


IEI CALAS Performance of GSAMP 2006-NC2 


ooo o e oe 
— 


166.8 
709.1 
2979-6 
681.3 
1856.8 


Percent foreclosures 22.2% 


Date 

Aug-07 7.60% 0.90% 72.48% 
Jul-07 73.90% 
May-07 77.26% 
Apr-07 78.68% 
Mar-07 79.84% 
Feb-07 81.29% 
Jan-07 83.12% 


Source: ABSNet. 
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Finally, the chapter uses historical data in order to estimate the 
fraction of total defaults over the life of the deal. In particular, a 
mapping is constructed between weighted-average loan age and 
the fraction of lifetime default that a deal typically realizes. For 
example, the typical deal realizes 33% of its defaults by month 
13, 59% by month 23, 75% by month 35, and 100% by month 60. 


Projected cumulative default = Total default/Default 
timing factor 


The New Century pool was originated in May 2006, implying 
that the average loan is about 16 months old at the end of 
August 2007. The default timing factor for 20 months, which 
must be used since defaults were predicted through four 
months in the future, is 51.2%, suggesting that projected cumu- 
lative default on this mortgage pool is 23.19%. Using a loss 
severity of 37% results in expected lifetime loss on this mort- 
gage pool of 8.58%. 


There are several potential weaknesses of this approach, the 
foremost being the fact that it is backward-looking and essen- 
tially ignores the elephant in the room, payment reset. In par- 
ticular, in the fact of payment reset, losses are likely to be more 
back-loaded than the historical curve used above, implying the 
fraction of lifetime losses which have been observed to date is 
likely to be too small, resulting in lifetime loss estimates which 


Probability 


are too low. In order to address this problem, UBS (October 23, 
2007) has developed a shut-down model to take into account 
the inability of borrowers to refinance their way out of payment 
resets. In that article, the authors estimate the lower prepay- 
ment speeds associated with refinancing stress will increase 
losses by an average of 50 percent. Moreover, the authors also 
speculate that loss severities will be higher than the 37 percent 
used above, and incorporate an assumption of 45 percent. 
Together, these assumptions imply that a more conservative 
view on losses would be to scale those from the loss projection 
model above by a factor of two, implying a lifetime loss rate of 
17.16% on the example pool. 


UBS (June 2007) applies this methodology to home equity ABS 
deals that constitute three vintages of the ABX: 06-1, 06-2, and 
07-1. In order to understand the jargon, note that deals in 06-1 
refer to mortgages that were largely originated in the second 
half of 2005, while deals in 06-2 refer to mortgages that were 
largely underwritten in the first half of 2006. 


Figure 18.4 illustrates estimates of the probability distribu- 
tion of estimated losses as of the June remittance reports 
across the 20 different deals for each of the three vintages of 


—— ABX 06-1 


10 15 20 


Projected Losses 


——— ABX 06-1 


————__ ABX 06-2 


ABX 07-1 


JCUCMLXJ Subprime projected losses by vintage. 


390 E Financial Risk Manager Exam Part Il: Credit Risk Measurement and Management 


LEII CE L:N Overview of the ABX Index 


Vintage 


07-2 
07-2 
07-2 
07-2 
07-2 r : = 
07-1 
07-1 
07-1 
07-1 
07-1 BBB— 
06-2 
06-2 
06-2 
06-2 
06-2 BBB— 
06-1 
06-1 
06-1 
06-1 
06-1 : i és = 


Credit ronne omot Rate Implied Spread 


114 
313 


1002 
1877 
2097 


107 
330 
1067 
2060 
2506 


87 
242 
882 

1809 
2347 


40 
107 
600 

1135 
1634 


Source: Coupon and Price: Markit (24 July 2007); duration: UBS; Implied spread is author's calculation as follows: implied spread = 100*[100-price] 


duration + coupon rate. 


loans. The mean loss rate of the 06-1 vintage is 5.6%, while 
the mean of the 06-2 and 07-1 vintages are 9.2% and 11.7%, 
respectively. From the figure, it is clear that not only the mean 
but also the variance of the distribution of losses at the deal 
level has increased considerably over the last year. Moreover, 
expected lifetime losses from the New Century securitization 
studied in the example are a little lower than the average deal 
in the ABX from 06-2. 


How Are Subprime Loans Valued? 


In January 2006, Markit launched the ABX, which is a series of 
indices that track the price of credit default insurance on a 
standardized basket of home equity ABS obligations.'' The 
ABX actually has five indices, differentiated by credit rating: 
AAA, AA, A, BBB, and BBB-. Each of these indices is an 


11 In the jargon, first-lien subprime mortgage loans as well as second- 
lien home equity loans and home equity lines of credit (HELCOs) are all 
part of what is called the Home Equity ABS sector. First-lien Alt-A and 
Jumbo loans are part of what is called the Residential Mortgage-Backed 
Securities (RMBS) sector. 


equally-weighted average of the price of credit insurance at a 
maturity of 30 years across similarly-rated tranches from 20 dif- 
ferent home equity ABS deals. For example, the BBB index 
tracks the average price of credit default insurance on the BBB- 
rated tranche. 


Every six months, a new set of 20 home equity deals is 
chosen from the largest dealer shelves in the previous half 
year. In order to ensure proper diversification in the portfolio, 
the same originator is limited to no more than four deals and 
the same master servicer is limited to no more than six deals. 
Each reference obligation must be rated by both Moody's 
and S&P and have a weighted-average remaining life of four 
to six years. 


In a typical transaction, a protection buyer pays the protec- 
tion seller a fixed coupon at a monthly rate on an amount 
determined by the buyer. For example, Table 18.16 docu- 
ments that the price of protection on the AAA tranche of 
the most recent vintage (07-2) is a coupon rate of 76 basis 
points per year. Note the significant increase in coupons 
on all tranches between 07-1 and 07-2, which reflects a 
significant change in investor sentiment from January to 


July 2007. 
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When a credit event occurs, the protection 100 - 
seller makes a payment to the protection 


buyer in an amount equal to the loss. Credit SA 
events include the shortfall of interest or 90 ~ 
principal (i.e. the servicer fails to forward a 85 -| 


payment when it is due) as well as the write- 
down of the tranche due to losses on under- 80 ~ 


| \ 
lying mortgage loans. In the event that these 8 75 | 
losses are later reimbursed, the protection a. 70 4 M 
buyer must reimburse the protection seller. Ww) 
For example, if one tranche of a securitiza- 95 ṣ- | 
tion referenced in the index is written down 60 + \ 
by an amount of 1%, and the current bal- 55 - U 
ance of the tranche is 70% of its original | = 
balance, an institution which has sold $10 50 -+ f i t î 1 
million in protection must make a payment O = = S S = 
of $583,333 [= $10m x 70% x (1/20)] to § 3 5 £ 3 3 
the protection buyer. Moreover, the future ee © = V z3 als 


protection fee will be based on a principal 
balance that is 0.20%[= 1% X (1/20)] lower 


than before the write-down of the tranche. 


o i i Source: Markit. 
Changes in investor views about the risk 


of the mortgage loans over time will affect the price at which 
investors are willing to buy or sell credit protection. However, 
the terms of the insurance contract (i.e. coupon, maturity, pool 
of deals) are fixed. The ABX tracks the amount that one party 
has to pay the other at the onset of the contract in order for 
both parties to accept the terms. For example, when investors 
think the underlying loans have become more risky since the 
index was created, a protection buyer will have to pay an up- 
front fee to the protection seller in order to only pay a coupon 
of 76 basis points per year. On 24 July, the ABX.AAA.07 was at 
98.04, suggesting that a protection buyer would have to pay the 
seller a fee of 1.96% up-front. Using an estimate of 5.19 from 
UBS of this tranche’s estimated duration, it is possible to write 
the implied spread on the tranche as 114 basis points per year 
[= 100 x (100 — 98.04)/5.19 + 76]. 


Figure 18.5 documents the behavior of the BBB-rated 06-2 
vintage of the ABX over the first six and a half months of 2007. 
Note from Table 18.16 that the initial coupon on this tranche 
was 133 basis points. However, the first two months of the 

year marked a significant adverse change in investor sentiment 
against the home equity sector. In particular, the BBB-rated index 
fell from 95 to below 75 by the end of February. Using an esti- 
mated duration of 3.3, the implied spread increased from just 
under 300 basis points to almost 900 basis points. Through the 
end of May, this index fluctuated between 80 and 85, consistent 
with an implied spread of about 650 basis points. However, the 


— ABX - HE-BBB 06-2 


GATES) ABX.BBB 06-2. 


market responded adversely to a further deterioration in perfor- 
mance following the May remittance report, and at the time of 
this writing, the index has dropped to about 54, consistent with 
an implied spread of approximately 1800 basis points. 


While it is not clear what exactly triggered the sell-off in the 
first two months of January, there were some notable events 
that occurred over this period. There were early concerns about 
the vintage in the form of early payment defaults resulting in 
originators being forced to repurchase loans from securitiza- 
tions. These repurchase requests put pressure on the liquidity of 
originators. Moreover, warehouse lenders began to ask for more 
collateral, putting further liquidity pressure on originators. 


18.7 OVERVIEW OF SUBPRIME MBS 


The typical subprime trust has the following structural features 
designed to protect investors from losses on the underlying 
mortgage loans: 


e Subordination 

e Excess spread 

e Shifting interest 

e Performance triggers 


e Interest rate swap 


We discuss each of these forms of credit enhancement in turn. 
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Subordination 


The distribution of losses on the mortgage pool is typically 
tranched into different classes. In particular, losses on the 
mortgage loan pool are applied first to the most junior class of 
investors until the principal balance of that class is completely 
exhausted. At that point, losses are allocated to the most junior 
class remaining, and so on. 


The most junior class of a securitization is referred to as the 
equity tranche. In the case of subprime mortgage loans, the 
equity tranche is typically created through over-collateralization 
(O/C), which means that the principal balance of the mortgage 
loans exceeds the principal balance of all the debt issued by the 
trust. This is an important form of credit enhancement that is 
funded by the arranger in part through the premium it receives 
on offered securities. O/C is used to reduce the exposure of 
debt investors to loss on the pool mortgage loans. 


A small part of the capital structure of the trust is made up of 
the mezzanine class of debt securities, which are next in line to 


LEICA E:NFA Capital Structure of GSAMP Trust 2006-NC2 


Tranche description 


absorb losses once the O/C is exhausted. This class of securi- 
ties typically has several tranches with credit ratings that vary 
between AA and B. With greater risk comes greater return, 

as these securities pay the highest interest rates to investors. 
The lion’s share of the capital structure is always funded by the 
senior class of debt securities, which are last in line to absorb 
losses. Senior securities are protected not only by O/C, but also 
by the width of the mezzanine class. In general, the sum of O/C 
and the width of all tranches junior is referred to as subordina- 
tion. Senior securities generally have the highest rating, and 
since they are last in line (to absorb losses), pay the lowest inter- 
est rates to investors. 


The capital structure of GSAMP 2006-NC1 is illustrated in 

Table 18.17. First, note that the O/C is the class X, which repre- 
sents 1.4% of the principal balance of the mortgages. There are 
two B classes of securities not offered in the prospectus. The 
mezzanine class benefits from a total of 3.10% of subordination 
created by the O/C and the class B securities. However, note 
that the mezzanine class is split up into nine different classes, 


Credit Ratings Coupon Rate 


Class | Notional | Width | Subordination | s&P | Moodys | m | @ 
At 0.30% 
A-2A 0.14% 
A-28 0.18% 
A-2C 0.30% 
A-2D 0.48% 
M-1 0.45% 
M2 Aa2 0.47% 
M3 Aas 0.48% 
M4 0.53% 
Ms 0.56% 
M6 0.69% 
M7 1.35% 
Ms 1.50% 
M9 3.08% 
B-1 3.75% 
B2 3.75% 
x NA | N/A 


Source: Prospectus filed with the SEC of GSAMP 2006-NC2. 
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M-1 to M-10, with class M-2 
being junior to class M-1, etc. 
For example, the M-8 class 
tranche, which has an invest- 
ment grade-rating of BBB, has 
subordination of 3.9% and pays 
a coupon of 100 basis points. 
Investors receive 1/12 of this 
amount on the distribution date, 
which is the 25th of each month. 
The senior class benefits from 
20.65% of total subordination, 
including the width of the mez- 
zanine class (19.25%). 


OC: 1.9% 


Note that the New Century 
structure is broken into two 
groups of Class A securities, corresponding to two sub-pools 

of the mortgage loans. In Group | loans, every mortgage has 
original principal balance lower than the GSE-conforming loan 
limits. This feature permits the GSEs to purchase these Class A-1 
securities. However, in the Group II loans, there is a mixture of 
mortgage loans with original principal balance above and below 
the GSE-conforming loan limit. 


The table does not mention either the class P or class C certifi- 
cates, which have no face value and are not entitled to distribu- 
tions of principal or interest. The class P securities are the sole 
beneficiary of all future prepayment penalties. Since the 
arranger will be paid for these rights, it reduces the premium 
needed on other offered securities for the deal to work. The 
class C securities contain a clean-up option which permits the 
trust to call the offered securities should the principal balance of 
the mortgage pool fall to a sufficiently low level.'* In our exam- 
ple deal, the offered debt securities are rated by both S&P and 
Moody's. Note that Table 18.17 documents that there is no dis- 
agreement between the agencies in their opinion of the appro- 
priate credit rating for each tranche. 


Excess Spread 


Subordination is not the only protection that senior and mez- 
zanine tranche investors have against loss. As an example, the 
weighted average coupon from the mortgage loan will typi- 
cally be larger than fees to the servicers, net payments to the 
swap counterparty, and the weighted average coupon on debt 


'2 The figure also omits discussion of certain “residual certificates” that 
are not entitled to distributions of interest but appear to be related to 
residual ownership interests in assets of the trust. 


Average Subprime MBS Capital Structure” 


Average Alt-A MBS Capital Structure* 


A: 1.8% 
BB: 
1.0% 


BBB: 1.2% 


OC: 0.8% 
“Excludes excess spread 


alel'ig-mk:Aes Typical capital structure of subprime and Alt-A MBS. 


securities issued by the trust. This difference is referred to as 
excess spread, which is used to absorb credit losses on the 
mortgage loans, with the remainder distributed each month to 
the owners of the Class X securities. Note that this is the first 
line of defense for investors for credit losses, as the principal of 
no tranche is reduced by any amount until credit losses reduce 
excess spread to a negative number. The amount of credit 
enhancement provided by excess spread depends on both the 
severity as well as the timing of losses. 


In the New Century deal, the weighted average coupon on 

the tranches at origination is LIBOR plus 23 basis points. With 
LIBOR at 5.32% at the time of issue, this implies an interest cost 
of 5.55%. In addition to this cost, the trust pays 51 basis points 
in servicing fees and initially pays 13 basis points to the swap 
counterparty (see below). As the weighted average interest 
rate on collateral at the time of issue is 8.30%, the initial excess 
spread on this mortgage pool is 2.11%. 


More generally, the amount of excess spread varies by deal, 
but averaged about 2.5 percent during 2006. Dealers estimate 
that loss rates must reach nine percent before the average BBB 
minus bond sustains its first dollar of principal loss, about twice 
its initial subordination of 4.5% in Figure 18.6 above. 


Shifting Interest 


Senior investors are also protected by the practice of shifting 
interest, which requires that all principal payments be applied 
to senior notes over a specified period of time (usually the 

first 36 months) before being paid to mezzanine bondholders. 
During this time, known as the “lockout period,” mezzanine 
bondholders receive only the coupon on their notes. As the 
principal of senior notes is paid down, the ratio of the senior 
class to the balance of the entire deal (senior interest) decreases 
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during the first couple years, hence the term 
“shifting interest.” The amount of subordina- 
tion (alternatively, credit enhancement) for 
the senior class increases over time because 
the amount of senior bonds outstanding is 
smaller relative to the amount outstanding 
for mezzanine bonds. 


Performance Triggers 


After the lockout period, subject to passing 
performance tests, 3 the O/C is released and 
principal is applied to mezzanine notes from 
the bottom of the capital structure up until 
target levels of subordination are reached 
(usually twice the initial subordination, as a 
percent of current balance). In addition to 
protecting senior note holders, the purpose 


T% 4 


6% + 


4% + 


3 % i 


Cumulative Loss Rate 


2% + 


Deal Age (months) 


of the shifting interest mechanism is to adjust PAO MOMEWNA Cumulative loss thresholds for GSAMP Trust 2006-NC2 


subordination across the capital structure 
after sufficient seasoning. Also, the release 
of O/C and pay-down of mezzanine notes 
reduces the average life of these bonds and 
the interest costs of the securitization. 


In our example securitization, O/C is specified to be 1.4% of 
the principal balance of the mortgage loans as of the cut-off 
date, at least until the step-down date. The step-down date 

is the earlier of the date on which the principal balance of the 
senior class has been reduced to zero and the later to occur of 
36 months or subordination of the senior class being greater 


trigger event. 


Source: SEC Prospectus for GSAMP Trust 2006-NC2. 


lf the trigger event does not occur, the deal is 36 months old, 

and the subordination of the senior class is larger than 41.3%, 
then the deal will step-down. In this case, O/C is specified to be 
2.8 percent of the principal balance of the mortgage loans in the 
previous month, subject to a floor equal to 0.5% of the principal 
balance of the mortgage loans as of the cut-off date. At this time, 
any excess O/C is released to holders of the Class X tranche. Note 
that the trigger event only affects whether or not O/C is released. 


than or equal to 41.3% of the aggregate principal balance of 


remaining mortgage loans. The trigger event is defined as a 
distribution date when one of the following two conditions 


is met: 


e The rolling three-month average of 60-days or more delin- 
quent (including those in foreclosure, REO properties, or 
mortgage loans in bankruptcy) divided by the remaining 
principal balance of the mortgage loans is larger than 38.70% 
of the subordination of the senior class from the previous 


month; or, 


e The amount of cumulative realized losses incurred over the 
life of the deal as a fraction of the original principal balance 
of the mortgage loans exceeds the thresholds in Figure 18.7. 


13 There are two types of performance tests in subprime deals, one test- 
ing the deal’s cumulative losses against a loss schedule, and another test 


for 60+ day delinquencies. 


Interest Rate Swap 


While most of the loans are ARMs, as discussed above, the inter- 
est rates will not adjust for two to three years following origina- 
tion. It follows that the trust is exposed to the risk that interest 
rates increase, so that the cost of funding increases faster than 
interest payments received on the mortgages. In order to mitigate 
this risk, the trust engages in an interest rate swap with a third- 
party named the swap counterparty. In particular, the third-party 
has agreed to accept a sequence of fixed payments in return for 
promising to send a sequence of adjustable-rate payments. 


In our example, Goldman Sachs is the swap counterparty, which 
has agreed to pay 1-month LIBOR and accept a fixed interest 
rate of 5.45% on a notional amount described in Figure 18.8 
over a term of 60 months. Note that the notional amount 
hedged decreases over time, as the trust expects pre-payments 
of principal on the pool of mortgage loans to reduce the 
amount of debt securities outstanding. 
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Remittance Reports 


The trustee makes monthly reports to investors known as remit- 
tance reports. In this section, we use data from these reports in 
order to document the performance of the New Century deal 
through August 2007. 


Table 18.18 documents cash receipts of the trust. Scheduled 
principal and interest are collected from a borrower's monthly 
payment. Unscheduled principal is collected from borrowers 
who pay more than their required monthly payment, as well as 
borrowers who either pre-pay or default on their loans. The first 
three columns of the table report the remittance of scheduled 
and unscheduled principal as well as interest and pre-payment 
penalties. The fourth column reports advances of principal and 
interest made to the trust by the servicer to cover the non pay- 
ment of these items by certain borrowers. The fifth column 
documents the repurchase of loans by New Century which have 
been determined to violate the originator's representations and 
warranties. Note that only one loan has been repurchased with a 
principal balance of $184,956 as of this writing. Finally, realized 
losses are reported in the sixth column. 


Table 18.19 documents the cash expenses of the trust. The net 
swap payments are reported in the first column. Recall that the 
trust pays Goldman Sachs a fixed interest rate of 5.45 percent 
and receives an amount equal to one-month LIBOR, each on 
the amount referenced by Table 18.18. The servicer fees are 


based on the outstanding principal balance 
of the mortgage loans at the end of the last 
month, with 50 basis points paid to the ser- 
vicer (Owcen) and just under one basis point 
paid to the master servicer (Wells Fargo). All 
principal paid by the borrower is advanced 
to the holders of Class A certificates. Each 
tranche is paid the stated coupon from Table 
18.18 based on the amount outstanding at 
the end of the previous month. Prepayment 
penalties are paid to the owners of the Class 
P tranche. The residual is denoted excess 
spread, and is paid to the owners of the 
Class X tranche each month. 


The face value of the Class X tranche is $12.3 
million. To date, this tranche has been paid 
excess spread in the amount of $16.1 million. 
Note that the amount paid to this tranche 
has decreased over time as credit losses have 
reduced excess spread. Interestingly, even if 
the owners of this class are not paid another 
dollar of interest, they will have received an 
amount equal to 130.9% of par.'4 


There are two trigger events which prevent the release of over- 
collateralization at the step-down date, as shown in Table 18.20. 
The trigger amount in the third column for the 3-month moving 
average of 60-day delinquencies is 38.7 percent of the previous 
month’s senior enhancement percentage reported in the fourth 
column. Recall that the trigger amount for the cumulative losses is 
constant at 1.3 percent over the first two years of the deal. While 
losses to date remain lower than the loss trigger amount, the 
3-month moving average of 60-day delinquencies has been larger 
than the threshold amount since the April 2007 remittance report. 


The remittance report also discloses loan modifications performed 
by the servicer each month. Note that through the August remit- 
tance report, there have been no modifications of any mortgage 
loan in the pool. This is not surprising as the first payment reset 
date for these 2/28 ARMs will not be until spring 2008. 


Finally, the remittance report also discloses information that 
permits a calculation of loss severity. At the time of this writing, 
the trust has incurred a loss of $2.199 million on 44 mortgage 
loans with principal balance of $5.042 million, for a loss severity 
of 43.6 percent. This number is only modestly higher than the 


'4 Note given the amount of cash being paid out to equity tranche 
investors in such a bad state of nature, it is likely that these investors 
have paid a premium over par for these securities, so this should not be 
interpreted as a return. 
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1F):)(-ut:eat:3 GSAMP Trust 2006-NC2 Cash Receipts 


Remittances of Interest 


Remittances of Principal 


and Prepayment Servicer Loan Realized 
Date Scheduled | Unscheduled | Penalties Advances | Repurchases Losses Deposits 


Aug-06 | $328,927 | $11,818,842 | $5,772,726 | $483.78 | so | $o | $18,492,964 
Oct-06 | $324,632 | $21,123,948 | $5,874,901 | $1,230,848 | so | so | 328,870,206 
Nov-06 | $320,165 | $21,913,838 | $5,669,909 | $1,191,300 | so | $0 | $29,496,641 
Dec-06 | $315,176 | $42,949,370 | $5,496,644 | $1,174,086 | $o | $o | $50,229,238 
Jan-06 | $303,981 | $20,805,981 | $4,992,533 | $1,342346 | so | $o | 827,717,274 
Feb-06 $22,738,857 
Mar-06 | $294,018 | $12,488,956 | $4,845,576 | $1,346,264 | $0 | -$179,720 | $18,945,495 
Apr06 | $292,054 | $9,947,596 | $4,781,758 | $1,369,108 | $O | -$166,703 | $16,351,873 
May-06 | $290,315 | $12,190,508 | $4,605,848 | $1,493,314 | $0 | -$323,425 | $18,459,415 
Jun-06 | $285,113 | $16,320,384 | $4,554347 | $1,577756| $O | -$233,174 | $22,742,178 
Julo6 | $279,953 | $12,764,719 | $4,386,611 | $1712117 | $0 | -$835,539 | $18,504,802 
Aug-06 | $275,885 | $12,226,786 | $4,425,290 | $1,720,552 | $O | -$459,357 | $18,380,129 


Source: Remittance reports through ABSNet. 


LE) ut: Trust Cash Outlays 


Net Swap 


i LIBOR Certificate 
Servicer Advance 


Date Payments | Servicing Fees | Reimbursements Principal | Interest Penalties Excess Spread 
Juo6 | $62518 | $374,270 | so | $939,455 | $3,503,784 | $70,524 | $2,153,539 
Sep-06 $1,418,337 
Oct-06 $1,504,051 


Prepayment 


Nov-06 $1,071,070 
Dec-06 $1,539,266 
Jan-06 $1,313,044 
Feb-06 $1,039,598 
Mar-06 $1,283,208 
Apr-06 $1,045,393 
May-06 $868,082 
Jun-06 $826,037 
Jul-06 $297,443 
Aug-06 $349,654 


Source: Remittance reports through ABSNet. 
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Source: Remittance reports through ABSNet. 


assumption used in forecasting the lifetime performance of the 
deal using the UBS methodology. 


18.8 AN OVERVIEW OF SUBPRIME 
MBS RATINGS 


This section is intended to provide an overview of how the rat- 
ing agencies assign credit ratings on tranches of a securitiza- 
tion. We start with a general discussion of credit ratings before 
moving into the details on the rating process. We continue 

with an overview of the process through which the credit rating 
agencies monitor performance of securitization deals over time, 
and review performance of credit ratings on securities secured 
by subprime mortgages. In this section there are a number 

of asides to complement the analysis: conceptual differences 
between corporate and structured credit ratings; a note on how 
through-the-cycle structured credit ratings can amplify the hous- 
ing cycle; an explanation of the timing of recent downgrades. 


What Is a Credit Rating? 


A credit rating by a CRA represents an overall assessment and 
opinion of a debt obligor’s creditworthiness and is thus meant to 
reflect only credit or default risk. To be sure, it is not the obligor 


but the instrument issued by the obligor which receives a credit 
rating. The distinction is not that relevant for corporate bonds, 
where the obligor rating is commensurate with the rating on a 
senior unsecured instrument, but is quite relevant for structured 
credit products such as asset-backed securities (ABS). Nonethe- 
less, in the words of a Moody's presentation (Moody’s 2004), “[t] 
he comparability of these opinions holds regardless of the coun- 
try of the issuer, its industry, asset class, or type of fixed-income 
debt.” A recent S&P document states 


[o]ur ratings represent a uniform measure of credit qual- 
ity globally and across all types of debt instruments. 

In other words, an ‘AAA’ rated corporate bond should 
exhibit the same degree of credit quality as an ‘AAA’ 
rated securitized issue. (S&P 2007, p. 4) 


This stated intent implies that an investor can assume that, 

say, a double-A rated instrument is the same in the U.S. as in 
Belgium or Singapore, regardless of whether that instrument 

is a standard corporate bond or a structured product such as 

a tranche on a collateralized debt obligation (CDO); see also 
Mason and Rosner (2007). The actual behavior of rated obligors 
or instruments may turn out to have more heterogeneity across 
countries, industries, and product types, and there is substan- 
tial supporting evidence. See Nickell, Perraudin, and Varvotto 
(2000) for evidence across countries of domicile and industries 
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for corporate bond ratings, and CGFS (2005) for differences 
between corporate bonds and structured products. 


The rating agencies differ about what exactly is assessed. 
Whereas Fitch and S&P evaluate an obligor’s overall capacity to 
meet its financial obligation, and hence is best thought of as an 
estimate of probability of default, Moody’s assessment incorpo- 
rates some judgment of recovery in the event of loss. In the 
argot of credit risk management, S&P measures PD (probability 
of default) while Moody's measure is somewhat closer to EL 
(expected loss) (BCBS, 2000).!° Interestingly, these differences 
seem to remain for structured products. In describing their rat- 
ings criteria and methodology for structured products, S&P 
states: “[w]e base our ratings framework on the likelihood of 
default rather than expected loss or loss given default. In other 
words, our ratings at the rated instrument level don’t incorpo- 
rate any analysis or opinion on post-default recovery prospects.” 
(S&P, 2007, p. 3) By contrast, Fitch incorporates some measure 
of expected recovery into their structured product ratings. '° 


Credit ratings issued by the agencies typically represent 

an unconditional view, sometimes called “cycle-neutral” or 
“through-the-cycle:” the rating agency's own description of their 
rating methodology broadly supports this view. 


...[O]ne of Moody's goals is to achieve stable expected 
[italics in original] default rates across rating categories 
and time . . . Moody’s believes that giving only modest 
weight to cyclical conditions serves the interests of the 
bulk of investors. (Moody's 1999, p. 6-7) 


Standard & Poor's credit ratings are meant to be 
forward-looking; . . . Accordingly, the anticipated ups 
and downs of business cycles—whether industry specific 
or related to the general economy—should be factored 
into the credit rating all along . . . The ideal is to rate 
“through the cycle.” (S&P 2001, p. 41) 


This unconditional or firm-specific view of credit risk stands in 
contrast to risk measures such as EDFs (expected default fre- 
quency) from Moody's KMV. An EDF has two principal inputs: 
firm leverage and asset volatility, where the latter is derived 
from equity (stock price) volatility. As a result, EDFs can change 
frequently and significantly since they reflect the stock market's 
view of risk for that firm at a given point in time, a view which 
incorporates both systematic and idiosyncratic risk. 


2 Specifically, EL = PD x LGD, where LGD is loss given default. How- 

ever, given the paucity of LGD data, little of the variation in EL that exists 
at the obligor (as opposed to instrument) level can be attributed to varia- 
tion in LGD making the distinction between the agencies modest at best. 


16 See http://www.fitchratings.com/jsp/corporate/ProductsAndServices. 
faces;jsessionid=JNeChiu9 DUHhNeoftY5FW7tp?context=2&detail=117. 


Unfortunately there is substantial evidence that credit rating 
changes, including changes to default, exhibit pro-cyclical or 
systematic variation (Nickell, Perraudin, and Varotto, 2000; 
Bangia et. al., 2002; Lando and Skodeberg, 2002), especially for 
speculative grades (Hanson and Schuermann, 2006). 


How Does One Become a Rating 
Agency?” 


Credit ratings have a long history of playing a role in the regula- 
tory process going back to the 1930s in the U.S. (Sylla, 2002). 
Asset managers such as pension funds and insurers often have 
strict asset allocation guidelines which are ratings driven, such 
as, for instance, a ceiling on the amount that can be invested in 
speculative grade debt.18 With the introduction of the Basel II 
standards, ratings have entered bank capital regulation. But 
whose ratings can be used is left up to the host country supervi- 
sor. 1? In the U.S. we use the SEC designation of a “Nationally 
Recognized Statistical Rating Organization,” NRSRO, introduced 
in 1975. All three main rating agencies at the time—Moody’s, 
S&P, and Fitch—received this designation (White, 2002). It was 
not until 1997 that the SEC laid out formal criteria for becoming 
an NRSRO (Levich, Majnoni, and Reinhart, 2002). Only with the 
Credit Rating Agency Reform Act of 2006 did the SEC officially 
obtain authority to regulate and supervise CRAs that have been 
designated NRSROs.2° 


Under the Reform Act, in order to qualify as an NRSRO, a credit 
agency must register with the SEC and it must have been in 
business as a credit rating agency for at least three consecutive 
years proceeding the date of its application.*' The application 
must contain, among other things, information regarding the 
applicant's credit ratings performance measurement statistics 
over short-term, mid-term, and long-term periods; the proce- 
dures and methodologies that the applicant uses in determining 
credit ratings; policies or procedures adopted and implemented 
to prevent misuse of material, nonpublic information; and any 


17 We are indebted to Michelle Meertens for help with this section. 


'8 ERISA, the Employee Retirement Income Security Act of 1974, is one 
such example. 


1? European guidelines can be found in “Committee of European Bank- 
ing Supervisors, Revised Guidelines on the Recognition of External 
Credit Assessment Institutions” (Mar 11, 2010); available at http:// 
www.eba.europa.eu/regulation-and-policy/external-credit-assessment- 
institutions-ecai/revised-guidelines-on-the-recognition-of-external- 
credit-assessment-institutions. 


20 The final rule did not come out until June 2007 (http://www.sec.gov/ 
rules/final/2007/34-55857fr.pdf). 


21 15 U.S.C. 78c(a)(62). 
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conflict of interest relating to the issuance of credit ratings by 
the applicant.2? All documentation submitted by the applicant 
must be made publicly available on its website,2° and the infor- 
mation must be kept up to date and current.74 


Since the early 1970s (1970 for Moody’s and Fitch, S&P a 

few years later), issuers rather than investors are charged for 
obtaining a rating. These ratings are costly: $25,000 for issues 
up to $500 million, D bp for issues greater than $500 million 
(Kliger and Sarig, 2000). Treacy and Carey (2000) report that 
the usual fee charged by S&P is 3.25 bp of the face amount, 
though it may be up to 4.25 bp (Tomlinson and Evans, 2007); 
Fitch charges 3 to 7 bp (Tomlinson and Evans, 2007). The fees 
charged for rating structured credit products are higher: up to 
12 bp by S&P and 7-8 bp by Fitch (Tomlinson and Evans, 2007). 
Moody's does not publish its pricing schedule. 


When Is a Credit Rating Wrong? How 
Could We Tell? 


Highly rated firms default quite rarely. For example, Moody's 
reports that the one-year investment grade default rate over 
the period 1983-2006 was 0.073% or 7.3 bp. This is an average 
over four letter grade ratings: Aaa through Baa. Thus in a pool 
of 10,000 investment grade obligors or instruments we would 
expect seven to default over the course of one year. What if 
only three default? What about eleven? Higher than expected 
default could be the result of either a bad draw (bad luck) 

or an indicator that the rating is wrong, and it is very hard to 
distinguish between the two, especially for small probabilities 
(see also Lopez and Saidenberg, 2000). Indeed, the use of the 
regulatory color scheme, which is behind the 1996 Market Risk 
Amendment to the Basel I, was motivated precisely by this rec- 
ognition, and in that case the probability to be validated is com- 
paratively large 1% (for 99% VaR) (BCBS, 1996) with daily data. 


There are other approaches. Although rating agencies insist that 
their ratings scale reflects an ordinal ranking of credit risk, they 
also publish default rates for different horizons by rating. Thus 
we would expect default rates or probabilities to be monotoni- 
cally increasing as one descends the credit spectrum. Using rat- 
ings histories from S&P, Hanson and Schuermann (2006) show 
formally that monotonicity is violated frequently for most notch- 
level investment grade one-year estimated default probabilities. 
The precision of the probability of default (PD) point estimates 
is quite low; see Appendix C for further discussion. Indeed there 


22 15 U.S.C. 780-7(a)(1)(B). 
23 15 U.S.C. 780-7(a)(3). 
24 15 U.S.C. 780-7(b)(1). 


have been no defaults over one year for triple-A or AA+ (Aa1) 
rated firms, yet surely we do not believe that the one-year prob- 
ability of default is identically equal to zero. 


Although the one-year horizon is typical in credit analysis (and is 
also the horizon used in Basel Il), most traded credit instruments 
have longer maturity. For example, the typical CDS contract 

is five years, and over that horizon there are positive empiri- 

cal default rates for Aaa and Aa1, which Moody's reports to be 
7.8bp and 14.9bp respectively (Moody's, 2007c). 


“We perform a very significant but extremely limited role in the 
credit markets. We issue reasoned, forward-looking opinions 
about credit risk,” says Fran Laserson, vice president of corpo- 
rate communications at Moody’s. “Our opinions are objective 
and not tied to any recommendations to buy and sell.” 


The Subprime Credit Rating Process 


The rating process can be split into two steps: (1) estimation of a 
loss distribution, and (2) simulation of the cash flows. With a loss 
distribution in hand, it is straightforward to measure the amount 
of credit enhancement necessary for a tranche to attain a given 
credit rating. Credit enhancement (CE) is simply the amount of 
loss on underlying collateral that can be absorbed before the 
tranche absorbs any loss. When a credit rating is associated with 
the probability of default, the amount of credit enhancement is 
simply the level of loss CE such that the probability that loss is 
higher than CE is equal to the probability of default. 


Figure 18.9 above illustrates how one can use the portfolio loss 
distribution in order to map the PD associated with a credit rating 
on a particular tranche to a level of credit enhancement required 
for that tranche. For example, given a PD associated with a AAA 
credit rating, the credit enhancement is quite high at CE(AAA). 
However, given a higher PD associated with a BBB credit rating, 
the required credit enhancement is much lower at CE(BBB). A bet- 
ter credit rating is achieved through greater credit enhancement. 


In a typical subprime structure, credit enhancement comes from 
two sources: subordination and excess spread. Subordination 
refers to the par value of tranches with claims junior to the tranche 
in question relative to the par value of collateral. It represents 

the maximum level of loss that could occur immediately without 
investors in the tranche losing one dollar of interest or principal. 
Excess spread refers to the difference between the income and 
expenses of the structure. On the income side, the trust receives 
interest payments and prepayment penalties from borrowers. On 
the expense side, the trust pays interest on tranches to investors, 
pays a fee to the servicer, and might have other payments to 
make related to derivatives like interest rate swaps. In most struc- 


tures, excess spread is captured for the first three to five years of 
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the life of the deal, which increases the amount of subordination 
for each rated tranche over time. Determining how much credit 
excess spread can be given to meet the required credit enhance- 
ment is a dynamic problem that involves simulating cash flows 
over time, and is the second step of the rating process. We now 
discuss each of these two steps in greater detail. 


In the first step of the rating process, the rating agency esti- 
mates the loss distribution associated with a given pool of col- 
lateral. The mean of the loss distribution is measured through 
the construction of a baseline frequency of foreclosure and loss 
severity for each loan that depends on the characteristics of 
the loan and local area economic conditions. The distribution 
of losses is constructed by estimating the sensitivity of losses 
to local area economic conditions for each mortgage loan, and 


then simulating future paths of local area economic conditions. 


In order to construct the baseline, the rating agency uses histori- 
cal data in order to estimate the likely sensitivity of the frequency 
of foreclosure and severity of loss to underwriting characteristics 
of the loan, the experience of the originator and servicer, and 
local area and national economic conditions. Most of the agen- 
cies claim to rely in part on loan-level data from LoanPerfor- 
mance over 1992-2000 in order to estimate these relationships. 


The key loan underwriting characteristics include: 


e cumulative loan-to-value ratio (CLTV) 
e consumer credit score (FICO) 


e loan maturity (15 years, 30 years, 40 years, etc.) 


e interest rate 

e fixed-rate (FRM) vs. adjustable-rate (ARM) 

e property type (single-family, townhouse, condo, multi-family) 
e home value 

e documentation of income and assets 

e loan purpose (purchase, term refinance, cash-out refinance) 
e owner occupancy (owner-occupied, investor) 

e mortgage insurance 


e asset class (Jumbo, Alt-A, Subprime) 
The key originator and servicer adjustments include: 


e past performance of the originator’s loans 


e underwriting guidelines of the mortgage loans and adher- 
ence to them 


e loan marketing practices 

e credit checks made on borrowers 

e appraisal standards 

e experience in origination of mortgages 

e collection practices 

e loan modification and liquidation practices 

Table 18.21 documents how the credit support (the product of 
the frequency of foreclosure and loss severity) for a pool of 
mortgage loans is sensitive to changes in loan attributes. The 
Aaa credit enhancement for the base pools are illustrated in the 


first row. As Pool A has a higher LTV, lower FICO, and lower per- 
centage of full documentation than Pool B, it has a higher level 
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IE) Ct: a Sensitivity of Aaa Credit Enhancement Levels to Loan Attributes 


Sample Pool A Sample Pool B 
Aaa Credit Support Change from Base Aaa Credit Support Change from Base 


Appraisal Quality 

All Purchase 

All Investor 

All 15-year Term 

All ARM 

All Condo 

All Alt Doc 

Price > $300k, LTV constant 


52% 


—16% 


16% 


=25 7e 


Pool A: LTV 67, FICO 732, CashOut 19%, Purch 21%, Single Fam 89%, Owner 98%, Fulldoc 75%, 30-year 98%, Fixed Rate 100%; Pool B: LTV 65, FICO 
744, CashOut 17%, Purch 21%, Single Fam 89%, Owner 96%, Fulldoc 95%, 30-year 98%, Fixed Rate 100%. 


Source: Moody's Mortgage Metrics. 


of credit support (3.17 percent versus 2.57 percent). Table 18.21 
also illustrates the impact of changing one characteristic of the 
pool for all loans in the pool, holding all other characteristics 
constant. For example, if all loans in the pool were underwritten 
under an Alternative Documentation program, the credit sup- 
port of Pool A would increase by six percent to 3.35 percent 
and Pool B would increase by eight percent to 2.78 percent. 
Note that the change in support depends on both the sensitivity 
of support to the loan characteristic as well as the size of the 
change in the characteristic. Changes in leverage appear to 
have significant effects on credit support, as an increase of five 
percentage points is associated with an increase in credit sup- 
port by more than one-third.?> 


The rating agency will typically adjust this baseline for current 
local area economic conditions like the unemployment rate, 
interest rates, and home price appreciation. The agencies are 
quite opaque about this relationship, and for some reason do 
not illustrate the impact of changes in local area economic con- 
ditions on credit enhancement in their public rating criteria. For 
example, Fitch employs scaling factors developed by University 


*° Note that Moody's have increased subordination levels in subprime RMBS 
by 30 percent over the last three years, and this can be largely attributed to 
an increase in support required by a decline in underwriting standards. 


Financial Associates which control for four different compo- 
nents of regional factors: macro factors like employment rates 
and construction activity, demographic factors like population 
growth; political/legal factors; and even topographic factors that 
might constrain the growth of housing markets. The multipliers 
typically range from 0.5 to 1.7 and are updated quarterly. 


In order to simulate the loss distribution, the rating agency needs 
to estimate the sensitivity of losses to local area economic condi- 
tions. Fitch tackles this problem by breaking out actual losses on 
mortgage loans into independent national and state components 
for each quarter. The sensitivity of losses to each factor is equal 
to one by construction. The final step is to fix a distribution for 
each of these components, and then simulate the loss distribu- 


tion of the mortgage pool using random draws from the distribu- 


tion of state and national components of unexpected loss.7° 


26 Note that Fitch actually simulates the frequency of foreclosure and 
loss severity separately, but the discussion here focuses on the product 
(expected loss) for simplicity. Each of the national and state components 
is likely transformed by subtracting the mean and dividing by the stan- 
dard deviation, so that the distribution converges to a standard normal 
distribution. This permits the agency to use a two-factor copula model in 
order to simulate the loss distribution. Note that the sensitivity of losses 
to the normalized component would be equal to the inverse of the stan- 
dard deviation of the actual component. 
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Conceptual Differences between 
Corporate and ABS Credit Ratings 


Subprime ABS ratings differ from corporate debt ratings in a 


number of different dimensions: 


e Corporate bond (obligor) ratings are largely based on firm- 


and inject more capital. As long as a firm is deemed to be 
creditworthy during neutral economic conditions, it is reason- 
able to expect that the firm could take prompt corrective 
action in order to avoid defaulting on its debt during a transi- 
tory decline in aggregate or industry conditions. However, 
the pool of mortgages underlying subprime ABS is fixed, and 


specific risk characteristics. Since ABS structures represent 
claims on cash flows from a portfolio of underlying assets, the 
rating of a structured credit product must take into account 
systematic risk. It is correlated losses which matter especially 
for the more senior (higher rated) tranches, and loss correla- 
tion arises through dependence on shared or common (or 
systematic) risk factors.2” For ABS deals which have a large 
number of underlying assets, for instance MBS, the portfolio 
is large enough such that all idiosyncratic risk is diversified 
away, leaving only systematic exposure to the risk factors 
particular to that product class (here, mortgages). By con- 
trast, a substantial amount of idiosyncratic risk may remain in 
ABS transactions with smaller asset pools, for instance CDOs 
(CGFS, 2005; Amato and Remolona, 2005). 


Because these deals are portfolios, the effect of correlation 
is not the same for all tranches: equity tranches prefer higher 
correlation, senior tranches prefer lower correlation (tail 
losses are driven by loss correlation). As correlation increases, 
so does portfolio loss volatility. The payoff function for the 
equity tranche is, true to its name, like a call option. Indeed, 
equity itself is a call option on the assets of the underlying 
firm, and the value of a call option is increasing in volatility. 

If the equity tranche is long a call option, the senior tranche 
is short a call option, so that their payoffs behave in an 
opposite manner. The impact of increased correlation on the 
value of mezzanine tranches is ambiguous and depends on 
the structure of a particular deal (Duffie, 2007). By contrast, 
correlation with systematic risk factors should not matter for 
corporate ratings. 


As a result of the portfolio nature of the rated products, the 
ratings migration behavior may also be different than for 
ordinary obligor ratings. Moody's (2007a) reports that rating 
changes are much more common for corporate bonds than 
for structured product ratings, but the magnitude of changes 
(number of notches up- or downgraded) was nearly double 
for the structured products. 


Subprime ABS ratings refer to the performance of a static 
pool instead of a dynamic corporation. When a firm becomes 
distressed, it has the option to change its investment strategy 


27 Note that correlation includes more than just economic conditions, 
as it includes (a) model risk by the agencies (b) originator and arranger 
effects (c) servicer effects. 


investors do not expect an issuer to support a weakly per- 
forming deal. 


e Subprime ABS ratings rely heavily on quantitative models 
while corporate debt ratings rely heavily on analyst judgment. 
In particular, corporate credit ratings require the separation 
of a firm's long-run condition and competitiveness from the 
business cycle, the assessment of whether or not an industry 
downturn is cyclical or permanent, and determination about 
whether or not a firm could actually survive a pro-longed 
transitory downturn. 


e Unlike corporate credit ratings, ABS ratings rely heavily on a 
forecast of economic conditions. Note that a corporate credit 
rating is based on the agency's assessment that a firm will 
default during neutral economic conditions (i.e. full employ- 
ment at the national and industry level). However, the rating 
agency is unable to focus on neutral economic conditions 
when assigning subprime ABS ratings, because in the model, 
uncertainty about the level of loss in the mortgage pool is 
driven completely by changes in economic conditions. If one 
were to fix the level of economic activity—for example at full 
employment—the level of losses is determined, and accord- 
ing to the model, the probability of default is either zero or 
one. It follows that the credit rating on an ABS tranche is the 
agency's assessment that economic conditions will deterio- 
rate to the point where losses on the underlying mortgage 
pool will exceed the tranche’s credit enhancement. In other 
words, it is largely based on a forecast of economic condi- 
tions combined with the agency’s estimated sensitivity of 
losses to that forecast. 


e Finally, while an ABS credit rating for a particular rating grade 
should have similar expected loss to corporate credit rating 
of the same grade, the volatility of loss can be quite different 
across asset classes. 


How Through-the-Cycle Rating Could 
Amplify the Housing Cycle 


Like corporate credit ratings, the agencies seek to make subprime 
ABS credit ratings through the housing cycle. Stability means 

that one should not see upgrades concentrated during a housing 
boom and downgrades concentrated during a housing bust. 


It is not difficult to understand that changes in economic condi- 
tions affect the distribution of losses on a mortgage pool. The 
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unemployment rate and home price appreciation have obvious 
effects on the ability of a borrower to avoid default and the 
severity of loss in the event of default. 


Consider a AAA-rated tranche issued during an environment 
of high home price appreciation (HPA). Figure 18.10 illustrates 
that the level of credit enhancement is determined using the 
probability associated with a AAA credit rating and the rat- 
ing agency's estimate of the loss distribution (black) in this 
economic environment. However, as the housing market slows 
down, the loss distribution shifts to the right, as any level of 
probability is now associated with a higher level of loss. If the 
rating agency does not respond to this new loss distribution 
and uses the same level of credit enhancement to structure 
new deals in a tough economic environment, the probabil- 

ity of default associated with these AAA-rated tranches will 
actually be closer to a AA than a AAA. It follows that keeping 
enhancement constant through the cycle will result in ratings 
instability, with upgrades during a boom and downgrades 
during a bust. 


Rating agencies must respond to shifts in the loss distribu- 

tion by increasing the amount of needed credit enhancement 
to keep ratings stable as economic conditions deteriorate, as 
illustrated in the figure. It follows that the stabilizing of ratings 
through the cycle is associated with pro-cyclical credit enhance- 
ment: as the housing market improves, credit enhancement 
falls; as the housing market slows down, credit enhancement 
increases. 


PriLoss>CE) 


This phenomenon has two important implications: 


e Pro-cyclical credit enhancement has the potential to amplify 
the housing cycle, creating credit and asset price bubbles 
on the upside and contributing to severe credit crunches on 
the downside. In order to understand this point, consider 
the hypothetical example in Figure 18.11. On the left is an 
aggressive structure based on strong housing market condi- 
tions. The AAA tranche is 80 percent of the funding, and the 
weighted average cost of funds is LIBOR+92 bp. However, as 
the housing market slows down, the rating agency removes 
leverage from the structure, and increases the subordina- 
tion of the AAA-rated tranche from 20 to 25 percent. By 
requiring a larger fraction of the deal to be financed by BBB- 
rated debt, the weighted-average cost of funds increases 
to LIBOR+100 bp. This higher cost of funds will require 
higher interest rates on subprime mortgage loans, or will 
require a significant tightening in underwriting standards 
on the underlying mortgage loans. Note that de-leveraging 
the structure has a knock-on effect on economic activity by 
reducing the supply of credit. It is difficult at this point to 
assess the importance of this phenomenon to what appeared 
to be a bubble in housing credit and prices on the upside. 
One source of concern is that the ratio of upgrades to down- 
grades appeared to be fairly stable for home equity ABS 
over 2001 to 2006 (see the discussion on rating performance 
that follows). However, the impact on the downside is fairly 
certain. One week after a historical downgrade action by the 


The rating agencies aim to keep credit ratings 
stable through the housing cycle 
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by requiring more credit 
enhancement for a 
tranche to attain its rating 
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JOMAI Credit enhancement and economic conditions. 
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Economic conditions worsen 
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Higher HPA average cost of 

Ý funds: LIBOR+110 
Economic conditions improve 


Contribute to a credit and house price bubble on the upside 
Amplify the downturn and delay the recovery on the downside 


| Figure 18.11 | Procyclical credit enhancement. 


agencies, leading subprime lenders discontinued offering the 
2/28 and 3/27 hybrid ARM (see the discussion of rating per- 
formance that follows). 


e Investors in subprime ABS are vulnerable to the ability of the 
rating agency to predict turning points in the housing cycle 
and respond appropriately. One must be fair to note that 
the downturn in housing did not surprise the rating agencies, 
who had been warning investors about the possibility and 
the impact on performance for quite some time. However, it 
does not appear that the agencies appropriately measured 
the sensitivity of losses to economic activity or anticipated 
the severity of the downturn. 


Cash Flow Analytics for Excess Spread 


The second part of the rating process involves simulating 

the cash flows of the structure in order to determine how 
much credit excess spread will receive towards meeting the 
required credit enhancement. As an example, in Table 18.22 
we consider the credit enhancement corresponding to a hypo- 
thetical pool of subprime mortgage loans. In this example, the 
required credit enhancement for the Aaa tranche is 22.50%. 

A simulation of cash flows suggests that excess spread can 
contribute 9.25% to meet this requirement, suggesting that 
the amount of subordination for this tranche must be 13.25%. 
In this section, we briefly describe how the rating agencies 
measure this credit attributed to excess spread, focusing on 
subprime RMBS. 


LE) wt: 74 Cash Flow Analytics 


Required 
Tranche | Credit Spread 
Enhancement | Credit | Subordination 


EEE EEE 


Source: Moody's. 


The key inputs into the cash flow analysis involve: 


e the credit enhancement for given credit rating 
e the timing of these losses 

e prepayment rates 

e interest rates and index mismatches 

e trigger events 

e weighted average loan rate decrease 

e prepayment penalties 

e pre-funding accounts 


e swaps, caps, and other derivatives. 


The first input to the analysis is amount of losses on collateral 
that a tranche with a given rating would be able to withstand 
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LE wt: eee First-Lien Loss Curve (as % of original 
pool balance) 


1 3% 
2 17% 
3 25% 
4 25% 25% 
5 20% 
ó 10% 
7 5% 0% 
8 0% 
Total 0% 


Source: Moody's; based on historical performance over 1993-1999. 


without sustaining a loss, which corresponds to the required 
credit enhancement implied from the loss distribution. Note 
that better credit ratings are associated with higher levels credit 
enhancement, and thus are associated with a higher level of 
expected loss on the underlying collateral. 


Table 18.23 illustrates Moody's assumption about the tim- 

ing of losses, which is based on historical performance over 
1993-1999. Note there are slight differences in the timing 
between fixed-rate and ARMs. Except for the first year, losses 
are assumed to be distributed evenly throughout the year. In the 
first year, losses are distributed evenly throughout the last six 
months. Adjustments to this assumption need to be made if the 
pool contains seasoned or delinquent loans. 


Note that an acceleration in the timing of losses implies a 
lower level of excess spread in later periods, which reduces the 


contribution that excess spread can make to meet the required 
credit enhancement. It follows that a conservative approach 

to rating involves front-loading the timing of losses. Moreover, 
given the importance of the timing, it is possible to understand 
how the existence of elevated early payment defaults observed 
in the 2006 vintages of RMBS will correspond to significant 
adverse effects on the ratings performance. 


Prepayments of principal include both the voluntary and involun- 
tary (i.e. default) varieties. Note that the path of the dollar value 
of involuntary prepayments over time has been tied down by 
assumptions about the level and timing of losses. It follows that 
assumptions about the prepayment curve really just pin down the 
severity of loss on defaulted mortgages (in order to identify the 
number of involuntary prepayments) and the number of voluntary 
prepayments. Table 18.24 documents Moody’s assumptions about 
prepayment rates for a Baa2-rated tranche secured by a portfolio 
of subprime loans. The standard measure of prepayment frequency 
is the Constant Prepayment Rate (CPR), defined as the annualized 
one-month prepayment rate of loans that remain in the pool. 


For both fixed-rate (FRMs) and adjustable-rate mortgages 
(ARMs), the CPR increases every month until the 19th month, 
where it stays constant through the remaining life of the deal. 
However, for hybrid ARMs, which have a fixed interest rate for 
either two or three years and then revert to an ARM, there is 

a spike in the CPR in the six months following payment reset. 
Note that since prepayments include defaults, it is necessary to 
adjust the prepayment curve for the credit rating of the tranche 
under analysis. Recall that a better credit rating is associated 
with a higher level of loss on collateral, which means a higher 
frequency of involuntary prepayments. Table 18.25 documents 
adjustments that Moody's makes to the CPR by rating category. 
For example, the prepayment rate is 15 percent higher for a 
Aaa-rated tranche than a Baa2-rated tranche in order to capture 


LELJGCME:FY ZI Prepayment Assumption for Baa2-Rated Tranches 


Loan age (months) 


1 ese 

2-18 
19-24 30% 

25-30 

31-36 

37-42 


t by 1.639%/mth T by 1.639%/mth 


43+ 33% 


Source: Moody's. 
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IEJ GML: Adjustments by Tranche Credit Rating to 
Baa2 Prepayment Curves 


Rating | FRM O ARM 

Aaa 115% 
Aa1 112.5% 
Aa2 110% 
Aa3 108.5% 
A1 106.5% 
A2 105% 
A3 103.5% 
Baa1 101.5% 
Baa2 100% 
Baa3 98.5% 
Ba1 96.5% 
Ba2 95% 
Ba3 93.5% 
B1 91.5% 
B2 0% 
B3 88.5% 


Source: Moody's. 


the higher frequency of involuntary prepayment (i.e. default) 
associated with the Aaa level of loss. 


The assumptions made above identify the dollar value of involun- 
tary prepayments and the total number of prepayments. In order to 
identify the number of involuntary prepayments (and consequently 
the number of voluntary prepayments), it is necessary to make an 
assumption about loss severity. Note that this assumption about 
severity is different from the one used in the determination of credit 
enhancement in the first step outlined above. Moody's makes the 
assumption that the fraction of involuntary prepayments in total 
prepayments increases with the severity of loss (i.e. as the credit 
rating improves). This phenomenon is described in Table 18.26. 


LEJ GME Loss Severity Assumptions 
for 1st Lien Subprime Mortgages 


Aaa 60% 
Aa 55% 
A 50% 
Baa 45% 
Ba 42.5% 
B 40% 


Source: Moody's. 
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In the end, voluntary prepayments reduce principal and thus the 
benefit of excess spread. It follows that a conservative view toward 
rating will typically make high and front-loaded assumptions about 
the path of voluntary prepayments, as this reduces the contribu- 


tion that excess spread makes towards credit enhancement. 


The key remaining source of uncertainty in the analysis of cash 
flows is the behavior of interest rates. Note that the coupons on 
tranches typically have floating interest rates tied to the one- 
month LIBOR. Moreover, note that interest rates on some of 
the underlying loans are adjustable, which makes receipts from 
collateral vary with the level of interest rates. Interest rate risk is 
created by mis-matches between the sensitivity of collateral and 
tranches to interest rates. Some examples include: 


e Fixed-rate loans funded with floating rate certificates 
e Prime rate index funded with LIBOR based certificates 


e Six-month LIBOR loans funded with one-month LIBOR 
certificates 


Based on a number of factors, including the state of the econ- 
omy, the forward-rate curve, and the current level of interest 


rates, interest rate stresses are determined. 


Interest rate risk had an adverse impact on the performance 
of RMBS structures issued during 2002 to 2004. In particular, 
throughout 2002 to mid-2004, the one-month LIBOR maintained 
a level of 1%-1.8%. However, in June 2004, the one-month 
LIBOR began to increase quickly, reaching 5.3% in 2006. This 
increase in interest rates has an adverse impact through three 
channels. First, the coupons on ARM collateral adjust less 
quickly than the coupons on floating-rate certificates. Second, 
while rising rates will reduce the prepayment of fixed-rate 
loans, they also encourage a deterioration in the coupons on 
adjustable-rate loans as these obligors refinance out of high 
interest-rate loans, leaving a higher fraction of low- and fixed- 
interest rates in the pool. Finally, the increase in prepayment 
rates leads to quick return of principal to investors in senior 
tranches, where credit spreads are the smallest. Each of these 


factors leads to a compression of excess spread. 


Many structures enter into an interest rate swap agreement 
which replaces the flexible-rate coupon paid to the tranches 
with a fixed-rate coupon in order to avoid this type of problem. 
However, note that this swap does not completely remove inter- 
est rate risk. For example, when pools contain ARM mortgages, 
the structure is vulnerable to a decline in interest rates, which 
reduces the cash flows from collateral. 


The approach of the rating agencies to interest rate risk is to 
construct a path of interest rate stresses in order to capture the 
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IEICE EFA Interest Rate Stresses 


Decreases from LIBOR 


Increases from LIBOR 


Month SS a AAA 


6 
12 
24 
36 
4s 
60 


Source: Fitch (August 2007). 


worst likely movement in interest rates. Table 18.27 illustrates 
the interest rate stresses used by Fitch. 


Note that these are changes (in percentage points) relative 
to the one-month LIBOR. The magnitude of the interest rate 
shocks is larger for better credit ratings and longer maturities. 


Cash flow analysis is performed incorporating step-down trig- 
gers. For each rating level, the triggers are analyzed for the 
probability that they will be breached. As the triggers are set 
at levels which protect the rated tranches, they typically will 

be breached in stress scenarios. It follows that one typically 
assumes that the transaction does not step down (i.e. credit 
enhancement is not released) and that all tranches are paid 
sequentially for its life. Finally, mortgage loans with higher 
interest rates tend to prepay first, which reduces excess spread 
of the transaction over time. In order to capture this, Moody’s 
assumes that the weighted average coupon (WAC) of the loans 
decreases by one basis point each month over the first three 
years of the deal. 


In order to better understand the cash flow analysis, we will 
illustrate using a structure similar to GSAMP Trust 2006-NC2. In 
particular, we focus on a hypothetical pool of 2/28 ARM mort- 
gage loans with an initial interest rate of 8%, a margin of 6%, 
and interest rate caps of 1.5%. The servicer receives a fee of 50 
bp and master servicer receives a fee of 1 bp, each per annum 
and senior to any distributions to investors. The trust enters into 
an interest rate swap with a counterparty paying a fixed rate of 
5.45% and receiving LIBOR—initially at 5.32%—according to a 
swap notional schedule described in Figure 18.8. Each month, 
the net payment to the swap counterparty is senior to any dis- 
tributions to investors. Table 18.28 documents that the capital 


3.10% 
4.66% 
6.90% 
7.53% 
8.24% 
8.52% 
Capital Structure 
Tranche _ Spread 
AAA 0.25% 
AA 0.31% 
A 0.37% 
a Te 
J E 
o/c 


Spread over 1-month LIBOR. 


structure is similar to that of the New Century deal, but with 
fewer tranches in order to simplify the analysis. 


We focus our analysis on the BBB-rated tranche. Our analy- 

sis starts with prepayment rates, which are illustrated in 

Figure 18.12. The total CPR is the fraction of remaining loans 
which prepay each month at an annualized rate, and is taken 
from Table 18.24 for 2/28 ARMs. Notice the spike in prepay- 
ment rates shortly following payment rest at 24 months. The 
involuntary CPR is tied down by (a) the level of losses, assumed 
in this case to be 10% given the BBB rating; (b) the timing of 
losses documented in Table 18.23; (c) and the severity of losses 
from Table 18.26 in order to convert dollars of principal loss into 
an involuntary prepayment rate. Since the timing assumption 
precludes losses after 72 months, we only focus on the first six 
years of the deal life. As the capital structure of the deal is fixed, 
this exercise is essentially a test of whether or not the BBB-rated 
tranche as structured can receive a 6.9% credit (= 10% — 3.1%) 
from excess spread to meet the required credit enhancement. 


Given the path of prepayments, one needs to use the interest rate 
stresses in order to simulate future cash flows. Since the struc- 
ture is hedged, the most severe interest rate shock is a decline in 
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GTESRESE) LIBOR stress, trust earnings, and the net swap 
payment. 


The swap payment and earnings are each measured at a monthly rate and relative to origi- 
nal portfolio par. Earnings is defined as the difference between mortgage interest income, 
the net swap payment, and servicer fees of 51 basis points per annum. 


interest rates. When the interest rate on mortgages declines but 
the interest rate on tranches is fixed there is pressure on earnings. 
Figure 18.13 documents that assumed path of LIBOR, taken from 
Table 18.27, but converted into a monthly interest rate. The slow 
decrease over the first 24 months in the mortgage income reflects 


24 months once payments reset. As LIBOR is 
falling, there is a net payment made to the swap 
counterparty, but this declines over time as the 
amount of swap notional goes to zero over the 
five-year life of the contract. The earnings of the 
trust before distributions and loss falls over time 
as mortgages prepay and the interest rate on 
remaining mortgages falls. 


Figure 18.14 documents the path of trust earn- 
ings, tranche interest, and credit losses over 
time, each measured at a monthly rate and rela- 
tive to portfolio par. Tranche interest declines 
over time as interest rates fall and as prepay- 
ments reduce the principal value of the senior 
tranche. While earnings are adequate to cover 
tranche interest initially, after the first year credit 
losses are eating into over-collateralization. After 
42 months, earnings no longer cover losses, and 


the structure is struggling greatly. 


Figure 18.15 documents that these losses reduce 
the subordination available to each tranche 

over time. At 56 months, over-collateralization 
has been exhausted and the BB-rated tranche 
defaults. However, the BBB-rate tranche is able 
to survive until 72 months, suggesting that this 
tranche could withstand a loss rate of 10 percent. 
It follows that the deal is structured adequately. 


Figure 18.16 documents the dynamic subordina- 
tion of the same capital structure in the event 
that losses are only 50 basis points higher. In this 
case, the BBB rated tranche defaults in month 
70. The actual losses to investors in this tranche 
would be quite low because there are no losses 
after 72 months. However, when losses on the 
pool increase to 14%, the investors in the BBB- 
rated tranche are completely wiped out and the 
A-rated tranche defaults. 


Performance Monitoring 


The rating agencies currently monitor the per- 
formance of approximately 10,000 pools of 


mortgage loan collateral. Deal performance is tracked using 
monthly remittance from Intex Solutions, Inc. Since there is no 
uniform reporting methodology, the first step is to ensure the 
integrity of the data. 


adverse selection in prepayment (high interest rates prepaying The agencies use this performance data in order to identify 


first). There is an obvious spike in the mortgage interest rate at which deals merit a detailed review, but do complete such a 
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J UCREAEI Dynamic subordination of mezzanine tranches (10% 
required enhancement). 


review for every deal at least once a year. The key performance 


detailed review of the transaction, and consider 
ratings action. 


In the example subprime deal described in Table 
18.29, which is taken from Fitch (2007) and does 
not correspond to the New Century deal, the 
pipeline measure of loss is constructed by apply- 
ing historical default rates to the fraction of loans 
in each delinquency status bucket, and applying 
a projected loss severity. For example, the rating 
agency assumes that 68 percent of loans 90 days 
past due will default, while only 11 percent of 
current loans will default. 


The current subordination of a tranche reflects 
excess spread that has been retained as well 

as any losses to date. In the example in Table 
18.30, the M-1 tranche rated AA currently has 
subordination of 20.61 percent. However, due 
to expected future accumulation of excess 
spread, this class can withstand losses of 26.90 
percent, corresponding to a loss coverage ratio 
of 3.8 (= 26.9/7.1). Note that the target loss cov- 
erage ratio for the AA rating is 2.82, suggesting 
that the original rating is sound. However, the 
B-2 class rated BBB— currently has subordina- 
tion of 3 percent and a break-loss rate of 10.41 
percent. Note that the target break-loss for this 
rating is 11.04 percent, and the target break-loss 
of 9.95 for the BB+ rating (not reported). In this 
case, the rating agency is using tolerance to pre- 
vent this tranche from being downgraded at this 
time. A conversation with a ratings analyst sug- 
gested that a tranche would not be downgraded 
until it failed the target break-loss level for one 
full rating-grade below the current level. 


It is worth taking the time to highlight how 
changes in rating criteria affect the ratings moni- 
toring process. In particular, if the rating agen- 
cies become more conservative in structuring 
new deals, it is not clear that anything should 
change when it comes to making a decision 

to downgrade securities secured by seasoned 
loans. The numerator of the loss coverage ratio 


metric is the loss coverage ratio (LCR), which is defined as the is the current subordination of the tranche, which is unaffected 
ratio of the current credit enhancement for a tranche relative by any change in criteria. The denominator is the estimated 

to estimated unrealized losses. Note that losses are estimated unrealized loss. Unless the rating agency also changes its 

using underwriting characteristics for unseasoned loans (less mapping from current loan performance to the probability of 
than 12 months), and actual performance for seasoned loans. default, or updates its view on loss severity, the key input into 
When the loss coverage ratio falls below an acceptable level the ratings monitoring process is unchanged. In this sense, there 
given the rating of the tranche, the agency will perform a is no need to change the way the agency monitors existing 
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16% + | in the top panel and upgrades in the bottom 
panel, broken out across first- and second-lien 


14% mortgage loans, as well as by origination year. 
Rating actions are measured by fraction of origi- 
12% nation volume affected, the fraction of tranches 
PEE affected, and the fraction of deals affected. The 
ry first observation to note is that by any measure, 
8% æ BBB the rating agencies have appeared to struggle 
— B rating subprime deals throughout the period, as 
6% the ratio of downgrades to upgrades is larger 
than one. That being said, the recent perfor- 
4% mance of subprime RMBS ratings has been 
historically bad. The table documents that 92 
2% percent of 1st-lien subprime deals originated 
i in 2006 as well as 84.5 percent of 2nd-lien 
i 1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 deals originated in 2005 and 91.8 pere of 
oe 2nd-lien deals originated in 2006 have been 
downgraded. 
Dynamic subordination of mezzanine tranches (10.5% 
required enhancement). Note that half of all downgrades of tranches 
in the history of Home Equity ABS were made 
transactions. If an existing transaction was structured with in the first seven months of 2007. About half 
inadequate initial subordination, the normal ratings monitoring of these were made during the week of July 9, when Moody's 
process will pick this up and downgrade appropriately. In this downgraded 399 tranches. About two-thirds of these down- 
sense, there is no need to update existing transactions. grades involved securitizations by four issuers who accounted 


for about one-third of 2006 issuance: New Century, WMC, 
Long Beach, and Fremont. Note that 86% of the downgraded 
tranches were originally rated Baa2 or worse, which meant that 
Table 18.31 documents the performance of Moody’s Subprime the notional amount downgraded was only about $9 billion. 


Home Equity ABS Rating Performance 


RMBS over the last five years. The table documents downgrades However, the ratings action affected just under 50 percent of 


LEIJ CML: AA Example of Projected Loss as a Percentage of Current Pool Balance 


Delinquency Status | Projected Default Projected Default Projected Loss Expected Loss as 
Status Distribution As % of Bucket As % of Pool Severity % of Pool 


Current 3.2 
30 Days 0. 
60 Days 0.5 
sodas | 235 | e | tT ts 
Bankruptcies | 17 | A | || 
Foreclosure 1.0 
REO 0.9 
Total o S l a ees 


The example transaction is 18 months seasoned, has 63% of the original pool remaining (called the pool factor), incurred 0.77% loss to date, and 
reports a 60+ day of 13.15% (= 2.6 + 2.5 + 1.7 + 3.8 + 2.6). The delinquency bucket figures (with the exception of REO) have a 98% home price 
appreciation adjustment applied. The example deal’s current three-month loss severity is 25%, and the projected lifetime loss severity is approximately 
35%. The expected loss figures are as a percentage of the remaining pool balance. The expected loss as a percentage of original pool balance is 
5.25% = (7.1% * 63% + 0.77%). 
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Loss pessimistic view on the housing 
coverage Actual loss coverage market. At the time of the down- 
grade action, Moody’s announced 
s61 >> that it expected median existing 
Target loss coverage for AAA family home prices to fall by 10 
3.81 [~~ -- "oo percent from the peak in 2005 to 
2.82 -- Target loss coverage for AA a trough at the end of 2008. The 


rating agency also significantly 


Ratio of initial STARA ieee increased its loss expectations 


for certain flavors of sub-prime 


/ ! Hypothetical path 


SAR aA on / Shela mortgages (hybrid ARMs, stated- 
/ p income, high CLTV, first-time 
= Pi home-buyer), reduced the credit 
/ 18 Months of for excess spread, and adjusted 
Downgrade of AAA to seasoning its cash flow analysis to incor- 


porate the likely impact of loan 


AA at month 18 


ale ig-it:iwa Anatomy of a downgrade. 


modifications. 


In response to the historic rating action on subprime ABS dur- 
ing the week of July 9, 2007, the rating agencies were heavily 


2006 1st-lien deals and almost two-thirds of 2005 2nd-lien deals, 
and the mean downgrade severity was 3.2 notches. Table 18.32 

documents the ratings transition matrices for the 2005 and 2006 
vintages across 1st- and 2nd-lien status as of October 2007. It is 


criticized in the press about the timing. In particular, investors 
pointed to the fact that the ABX had been trading at very high 
implied spreads since February. Some examples of recent busi- 
ness press: 


clear from the table that ratings action has been concentrated in "A lot of these should be downgraded sooner rather 


the mezzanine tranches, but there are some notable downgrades 
of Aaa-rated tranches in the 2006 vintage of 2nd-lien loans. 


than later,” said Jeff Given at John Hancock Advisors 
LLC in Boston, who oversees $3.5 billion of mortgage 
In addition to the ratings action, the rating agencies announced bonds. The ratings companies may be embarrassed to 


significant changes to rating criteria, and took a more downgrade the bonds, he said. “It’s easier to say two 


IE )e)(-E:Fe le) Example of Ratings Analysis Using Break-Loss Figures 


Current Current Loss | Target Target Loss | Model 
Current Break- Coverage Break- Coverage Proposed After 
Class Subordination (%) Loss (%) Ratio (%) Loss (%) Ratio (%) Tolerances 
A AAA 
M-1 AA 
M-2 A 
M-3 BBB+ 
B-1 ; ; ; d : BBB 
B-2 BBB- 


The example transaction is 18 months seasoned and has a projected loss as a percent of current balance of 7.1%. Based on the projected delinquency, 
the triggers will pass at the step-down date and toggle thereafter. The current annualized excess spread available to cover losses is 3.10% (including 
interest rate derivatives). Current break-loss: the amount of collateral loss that would call the class to default. This figure includes excess spread and 
triggers. Current loss coverage ratio (LCR): determined by dividing the bond's current break-loss amount by the current basecase projected loss of 
7.1%. Model proposed: Considers the difference between the current LCR and the target LCR. 
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1E))(-t:eee Ratings Changes in RMBS and Home Equity ABS, by Year 


Negative Rating Action 


Subprime 1st lien Subprime 2nd lien Subprime all lien 


2004 6.20% | 35.00% 
2005 28.00% 


Positive Rating Action 


Subprime 1st lien Subprime 2nd lien Subprime all lien 


Vintage |S | #tranche | #deals |$ | #tranche_| #deals_ | $ | #tranche | # deals 
2002 23.50% 
2003 30.50% 
2004 17.90% 
2005 4.40% 
2006 0.00% 


Source: Moody's (October 26, 2007). 


years from now that you were wrong on a rating than it 
is to say you were wrong five months after you rated it.” 
(Bloomberg, June 29, 2007) 


"Standard & Poor's, Moody's Investors Service and Fitch 
Ratings are masking burgeoning losses in the market for 
subprime mortgage bonds by failing to cut the credit rat- 
ings on about $200 billion of securities backed by home 
loans . .. Almost 65 percent of the bonds in indexes that 
track subprime mortgage debt don't meet the ratings 
criteria in place when they were sold, according to data 
compiled by Bloomberg.” (ibid) 


In response, the rating agencies counter that their actions are 
justified. 


“People are surprised there haven't been more down- 
grades,” Claire Robinson, a managing director at 
Moody’s, said during an investor conference sponsored 
by the firm in New York on June 5. “What they don’t 
understand about the rating process is that we don’t 
change our ratings on speculation about what's going to 
happen.” (Bloomberg, July 10, 2007) 


From the description of the ratings monitoring process above, 
it is clear that for unseasoned loans, the rating agencies weight 
their initial expectations of loss heavily in computing lifetime 
expected loss on the vintage. While the 2006 vintage did show 
some early signs of trouble with early payment defaults (EPDs), 
it was not clear if this just reflected the impact of lower home 
price appreciation on investors using subprime loans to flip 
properties, or foreshadowed more serious problems. 


Figure 18.18 documents that the increase in serious delinquen- 
cies on a month-over-month basis on the ABX 06-1 and 06-2 
vintages was actually slowing down through the remittance 
report released at the end of April. Figure 18.19 documents that 
implied spreads on the ABX tranches retreated from their Feb- 
ruary highs through the end of May. However, the remittance 
report at the end of May suggested a reversal of this trend, as 
serious delinquency accelerated. This pattern was confirmed 
with the report at the end of June, and the ratings action came 
approximately two weeks after the June 25 report. 


While the aggregated data helps the rating agencies tell a rea- 
sonable story, it is certainly possible that aggregation hides a 
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LE)? ut: YA Rating Transition Matrices 
Current Rating/Last Rating (1st lien) 


Baa Ba 


Baa Ba 


Aa | Aa A B | 
w | | a l T 


wo | | tet | | 
~ owa S S S a a o a 
a | |__| 48.90% | 27.90% | 17.80% oon | 020% |oo | | 1.295 | 728 | 0 
Current Rating/Last Rating (2nd lien) 
2006 | Aaa |Aa | A | Baa | Ba |B  |Ca | Ca [|C _ _ |Total | Down | Up 
Source: Moody's (October 26, 2007). 
number of deals that were long overdue for downgrade. Given agencies more accountable, perhaps by asking regula- 
the public rating downgrade criteria, this is a quantitative ques- tors to monitor their quality. Many pension plans lack the 
tion that we intend to address with future empirical work.78 analytical skills needed to evaluate these investments, 


18 


ON CREDIT RATINGS: A CASE STUDY 


relying on outside advisers and rating agencies. But the 


9 THE RELIANCE OF INVESTORS stellar triple-A rating assigned to many of these bonds 


proved to be misleading—with the agencies now rushing 
to downgrade them. 


A recent New York Times editorial (08/07/2007) writes: In a recent Fortune article by Benner and Lachinsky (July 5, 


28 Note that the rating agencies took another wave of rating actions on 


2007), Ohio Attorney General Marc Dann claims that the 


Protecting pensioners from bad investments will not be Ohio state pension funds have been defrauded by the rating 


easy. A good place to start would be to make rating agencies. “The ratings agencies cashed a check every time 


one of these subprime pools was created and an offering was 
made. [They] continued to rate these things AAA. [So they 


RMBS in October. are] among the people who aided and abetted this continuing 
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Average MoM Change in 60+ Delinquency 
Rates, Percent of Principal Balance 


—— ABX 06-2 


2- —ABX 06-1 — ABX 07-1 


portfolio in mortgage- and asset-backed 
obligations: 


Dann and a growing legion of critics 
contend that the agencies dropped 
the ball by issuing investment-grade 
ratings on securities backed by sub- 
prime mortgages they should have 
known were shaky. To his mind, the 
seemingly cozy relationship between 
ratings agencies and investment 
banks like Bear Stearns only height- 
ens the appearance of impropriety. 


In this section, we review the extent to which 
investors rely on rating agencies, focusing 
on the case of this Ohio pension fund, draw- 
ing upon on public disclosures of the fund. 


0 “+t F | f Fi f 
Jan-07 Feb-07 Mar-07 Apr-O7 May-07 


aitel'ig-wak-euk:§ Change in serious delinquency on mortgages 
referenced by the ABX. 


Source: Deutsche Bank, Remittance Reports. 


T 


Implied Spreads on ABX Continue to Widen, 
Surpass February Peaks 


bps 
30004 — ABX 07-1 BBB Remittance Reports 
2500 —— ABX 06-2 BBB K v x 
| —— ABX 06-1 BBB 
2000 4 ^ 
1500 - 
1000 - 
500 —~ 
0 + T j T p > + om 
1/19/07 2/19/07 3/19/07 4/19/07 5/19/07 6/19/07 


laile['ig-wuk-sab-e ABX implied spreads and remittance reporting dates. 


Source: JPMorgan. 


fraud.” The authors note that Ohio has the third-largest group 
of public pensions in the United States, and that The Ohio 
Police & Fire Pension Fund has nearly seven percent of its 


Jun-07 


l e Overview of the fund 


e Fixed-income investment guidelines 


e Conclusions 


Overview of the Fund 


The Ohio Police & Fire Pension Fund (http://www 
.op-f.org/) is a cost sharing multiple-employer pub- 
lic employee retirement system. The fund provides 
pension and disability benefits to qualified partici- 
pants, survivor and death benefits, as well as access 
to health care coverage for qualified spouses, 
children, and dependent parents. In 2006, the fund 
had 912 participating employers from police and 
fire departments in Ohio municipalities, townships, 
and villages. Membership in the plan at the end 

of 2006 included 24,766 retired employees and 
28,026 active employees. At the end of 2006, the 
fund had an investment portfolio of $11.2 billion. 
The fund's total rate of return was 16.15 percent in 
2006 and 9.07 percent in 2005, each relative to an 
assumed actuarial rate of return of 8.25 percent. 


Fung AOCOedacyv 
E Uii FAW be | ad C2 LY J 


The current actuarial analysis performed on the 
pension benefits reflects an “infinite” amortiza- 
tion period and a funding level of 78.3 percent. 
While the fund believes that the current funding 
status is strong, Ohio law requires that a 30-year 
amortization period is achieved.?? A plan was 


2? Page ix in the 2006 Popular Annual Financial Report, available at 
http://www.op-f.org/Files/AnnualReport2006.pdf. 
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approved by the Board and submitted to ORSC that included 
major changes to health care funding and benefits, and a rec- 
ommendation that the legislature amend the law to provide 
for member contribution increases and employer contribution 
increases. However, the legislature has not taken action on the 
recommended contribution increases. 


Table 18.33 documents the exposure of the total fund to differ- 
ent asset classes. At the end of 2006, about 6.7% of total assets 
are invested in mortgages and mortgage-backed securities. 


Table 18.34 documents the composition of the investment- 
grade fixed-income portfolio in 2006 and 2005. Non-agency 
MBS are likely included in the first four columns of the second 
row, which report the amount of mortgage and MBS broken out 
by credit rating. At the end of 2006, it appears that the fund 
held $740 million in non-agency MBS which had a credit rating 
of A- or better. Moreover, note that the share of non-agency 
MBS in the total fixed-income portfolio increased from 12% 
(245/2022) in 2005 to 34% (740/2179) in 2006. In other words, 
the pension fund almost tripled its exposure to non-agency 
MBS. Further, note that this increase in exposure to risky MBS 
was at the expense of exposure to MBS backed by full faith 
and credit of the United States government, or an agency or 
instrumentality thereof, which dropped from $489.6 million to 
$58.9 million. 


JF)°)(-mt:eeee Investment Portfolio 


In order to better understand the motivation for such a shift, 
consider Table 18.35, which illustrates soreads on the ABX and 
credit derivatives (CDS) by credit rating during 2006. While 
MBS backed by full faith and credit trade at close to zero credit 
spreads, securities secured by subprime loans pay significantly 
higher spreads. 


Fixed-Income Asset Management 


From the investment guidelines in the 2006 annual report: 


e The fixed-income portfolio has a target allocation of 18% of 
total fund assets, with a range of 13% to 23%. The portfolio 
includes investment grade securities (target of 12%), global 
inflation-protected securities (target of 6%), and commercial 
real estate (target of 0% and maximum of 2%). 


e The investment grade fixed income allocation will be man- 
aged solely on an active basis in order to exploit the perceived 
inefficiencies in the investment grade fixed income markets. 


e The return should exceed the return on the Lehman Aggre- 
gate Index over a three-year period on an annual basis. 


e The total return of each manager's portfolio should rank 
above the median when compared to their peer group over a 
three-year period on an annualized basis and should exceed 
their benchmark return as specified in each manager's 
guidelines. 


2005 


Commercial Paper 

US Government Bonds 
Corporate Bonds and Obligations 
Mortgage & Asset Backed Obligations 
Municipal Bonds 

Domestic Stocks 

Domestic Pooled Stocks 
International Securities 

Real Estate 

Commercial Mortgage Funds 
Private Equity 

Grand Total 


3.97 
5.36 
6.62 
6.85 
— eS | z | o% 


2209.4 18.67 1967.7 18.36 
See 26.89 22S 27.59 
2642.9 22.34 2328.2 21.72 


5.66 
075 
2.15 


100.0 


Source: 2006 Comprehensive Annual Financial Report, Ohio Police & Fire Pension Fund. 
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IEI CAE: Fixed Income Investment Portfolio for 2006 [2005] 
Rating of Full Faith 
At Least BBB — B- C- & Credit Total 
Corporate Bond SAPAA S739 $458.2 $69.5 $2.1 $783.7 
Obligations [$187.6] [$67.1] [$416.2] [$35.8] [$2.9] [$709.5] 
Mortgage and $740.4 $58.9 
ABS 
[$245.0] [$489.6] 
Agency ABS $37.7 $37.7 
[$3.8] [$3.8] 
Munis — — 
[$36.4] [$36.4] 


$799.4 
[$734.6] 


Treasury Strips E $62.3 
[$29.4] [$29.4] 

Treasury Notes $496.1 $496.1 
[$472.8] [$67.1] [$416.2] [$35.8] [$1027.5] [$2.9] [$2022.3] 


Source: 2006 Comprehensive Annual Financial Report, Ohio Police & Fire Pension Fund. 


LEICHE: Subprime ABS vs. Corporate CDS 5. For diversification purposes, sector exposure limits exist for 
Spreads each manager's portfolio. In addition, each manager's port- 


folio will have a minimum number of issues. 


6. Each manager’s portfolio has a maximum threshold for the 
amount of cash that may be held at any one time. 


AAA 7. Each manager’s portfolio must have a dollar-weighted aver- 
AA age quality of A or above. 

A Note that the Lehman Aggregate Index has a weight of less 
BBB than one percent on non-agency MBS. 


Source: ABX from Markit tranche coupon; CDS spread from Markit, 
average across U.S. firms for 5-year contract with modified restructuring 
documentation clause. In 2006, the fund's assets were 100% managed by external invest- 


ment managers. The fixed-income group is comprised of eight 
asset managers who collectively have over $2.2 trillion in assets 
1. The main focus of investing will be on dollar denominated under management (AUM). They are (with AUM in parentheses): 


fixed income securities. Non-U.S. dollar denominated secu- 


JPMorgan Investment Advisors, Inc. ($1.1 trillion, 2006) 
Lehman Brothers Asset Management ($225 billion, 2006) 
Bridgewater Associates ($165 billion, 2006) 

Loomis Sayles & Company, LP ($115 billion, 2006) 
MacKay Shields LLC ($40 billion, 2006) 

Prima Capital Advisors, LLC ($1.8 billion, 2006) 
Quadrant Real Estate Advisors LLC ($2.7 billion, 2006) 
Western Asset Management ($598 billion, 2007) 


rities are prohibited. 


2. The composite portfolio as well as each manager's portfo- 


lio shall have similar portfolio characteristics as that of the 


Lehman Aggregate Index. 


3. Issues must have a minimum credit rating of BBB— or equiv- 


alent at the time of purchase. 


4. Each manager's portfolio has a specified effective duration 


band. 
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The 2005 performance audit of this fund suggested that invest- 
ment managers in the core fixed income portfolio are com- 
pensated 16.3 basis points. The fund paid these investment 
managers approximately $1.304 million in 2006 in order to man- 
age an $800 million portfolio of investment-grade fixed-income 
securities. While the 2006 financial statement reports that these 
managers out-performed the benchmark index by 26 basis 
points (= 459 — 433), this was accomplished in part through 

a significant reallocation of the portfolio from relatively safe to 
relatively risky non-agency mortgage-backed securities. One 
might note that after adjusting for the compensation of asset 
managers, this aggressive strategy netted the pension fund only 
10 basis points of extra yield relative to the benchmark index, 
for about $2.1 million. 


CONCLUSIONS 


While this chapter focuses on the securitization of subprime 
mortgages, many of the basic issues—intermediation and the 
frictions it introduces—are generic to the securitization process, 
regardless of the underlying pool of assets. The credit rating 
agencies play an important role in resolving or at least mitigat- 
ing several of these frictions. 


Our view is that the rating of securities secured by subprime 
mortgage loans by credit rating agencies has been flawed. 
There is no question that there will be some painful conse- 
quences, but we think that the rating process can be fixed along 
the lines suggested in the text above. 


However, it is important to understand that repairing the securiti- 
zation process does not end with the rating agencies. The incen- 
tives of investors and investment managers need to be aligned. 
The structured investments of investment managers should be 
evaluated relative to an index of structured products in order to 
give the manager appropriate incentives to conduct his own due 
diligence. Either the originator or the arranger needs to retain 
unhedged equity tranche exposure to every securitization deal. 
And finally, originators should have adequate capital so that war- 
ranties and representations can be taken seriously. 
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APPENDIX A 


Predatory Lending 


Predatory lending is defined by Morgan (2007) as the welfare- 
reducing provision of credit. In other words, the borrower 

would have been better off without the loan. While this practice 
includes the willful misrepresentation of material facts about a 
real estate transaction by an insider without the knowledge of a 
borrower, it has been defined much more broadly. For example, 
the New Jersey Division of Banking and Insurance (2007) defines 
predatory lending as an activity that involves at least one, and 
perhaps all three, of the following elements: 


e Making unaffordable loans based on the assets of the borrower 
rather than on the borrower's ability to repay an obligation; 


e Inducing a borrower to refinance a loan repeatedly in order 
to charge high points and fees each time the loan is refi- 
nanced (“loan flipping"); or 


e Engaging in fraud or deception to conceal the true nature of 
the loan obligation, or ancillary products, from an unsuspect- 
ing or unsophisticated borrower. 


Loans to borrowers who do not demonstrate the capacity to 
repay the loan, as structured, from sources other than the col- 
lateral pledged are generally considered unsafe and unsound. 
Some anecdotal examples of predatory lending: 


Ira and Hazel purchased their home in 1983, shortly 
after getting married, financing their purchase with a 
loan from the Veterans’ Administration. By 2002, they 
had nearly paid off their first mortgage. The elderly 
couple got a call from a lender, urging them to con- 
solidate all of their debt into a single mortgage. The 
lender assured the husband, who had excellent credit, 
that the couple would receive an interest rate between 
5 and 6%, which would reduce their monthly mortgage 
payments. However, according to the couple, when 
the lender came to their house to have them sign the 
paperwork for their new mortgage, the lender failed to 
mention that the loan did not contain the low interest 
rate which they had been promised. Instead, it con- 
tained an interest rate of 9.9% and an annual percent- 
age rate of 11.8%. Moreover, the loan contained 10 
“discount points” ($15,289.00) which were financed into 
the loan, inflating the loan amount and stripping away 
the elderly couple’s equity. Under the new loan, the 
monthly mortgage payments increased to $1,655.00, 
amounting to roughly 57% of the couple’s monthly 
income. Moreover, the loan contained a substantial 


prepayment penalty, forcing them to pay approximately 
$7,500 to escape this predatory loan. 


Source: Center for Responsible Lending (2007). 


In 2005, Betty and Tyrone, a couple living on the south 
side of Chicago, took out a refinance loan with a lender 
in order to refurnish their basement. “We just kept ask- 
ing them whether we were going to remain on a fixed 
rate, and they just kept lying to us, telling us we'd get 

a fixed rate," Betty alleges in a lawsuit against lender. 

As they later discovered, however, the terms of the loan 
were not as they expected. Not only did the loan have 
an adjustable rate that can go as high as 13.4 percent, 
but the couple allege that the lender falsely told them 
that their home had doubled in value since they had 
bought it a few years earlier, thus qualifying them for a 
larger loan amount. As the lender didn’t give them cop- 
ies of their loan documents at closing, the couple did not 
realize that the terms had been changed until well after 
the three-day period during which they could legally can- 
cel the loan. They have since tried to refinance, but have 
been unable to find another lender willing to lend them 
the amount currently owed, as the artificially-inflated 
appraisal value has in effect trapped them in a loan with 


a rising interest rate. 


Source: Gourse (2007). 


One scheme targets distressed borrowers at risk of fore- 
closure. The predator claims to the borrower that it is 
necessary to add someone else with good credit to the 
title, and their good credit will help secure a new loan 

on good terms. After the title holder uses the loan to 
make payments for a year, the predator claims that the 
title would be transferred back to the original borrower. 
However, the predator cashes most of the remaining 
equity out of the house with a larger loan, and leaves the 


distressed borrower in a worse situation. 


Source: Thompson (2006). 


The Center for Responsible Lending Has 
Identified Seven Signs of a Predatory 
Loan 


Excessive fees, defined as points and other fees of five per- 
cent or more of the loan 


Abusive prepayment penalties, defined as a penalty for more 
than three years or in an amount larger than six months 


interest 
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e Kickbacks to brokers, defined as compensation to a broker 
for selling a loan to a borrower at a higher interest rate than 
the minimum rate that the lender would be willing to charge 


e Loan flipping, defined as the repeated refinancing of loans in 
order to generate fee income without any tangible benefit to 
the borrower 


e Unnecessary products 


e Mandatory arbitration requires a borrower to waive legal 
remedies in the event that loan terms are later determined to 


be abusive 


e Steering and targeting borrowers into subprime products 
when they would qualify for prime products. Fannie Mae has 
estimated that up to half of borrowers with subprime mort- 
gages could have qualified for loans with better terms 


The rating agencies care about predatory lending to the extent 
that federal, state, and local laws might affect the amount of 
cash available to pay investors in residential mortgage-backed 
securitizations (RMBS) in the event of violations. Moody's 
analysis of RMBS transactions “includes an assessment of the 
likelihood that a lender might have violated predatory lending 
laws, and the extent to which violations by the lender would 


reduce the proceeds available to repay securitization investors” 
(Moody’s, 2003). 


In particular, Moody's requires that loans included in a securitiza- 
tion subject to predatory lending statutes satisfy certain condi- 
tions: (1) the statue must be sufficiently clear so that the lender 
can effectively comply; (2) the penalty to the trust for non-com- 
pliance is limited; (3) the lender demonstrates effective compli- 
ance procedures, which include a third-party review; (4) the 
lender represents that the loans comply with statutory require- 
ments and agrees to repurchase loans that do not comply; 

(5) the lender indemnifies the trust for damages resulting from 

a particular statute; (6) the lender’s financial resources and com- 
mitment to the business are sufficient to make these representa- 
tions meaningful; and (7) concentration limits manage the risk to 


investors when penalties are high or statues are ambiguous. 


APPENDIX B 


Predatory Borrowing 


While mortgage fraud has been around as long as the mortgage 
loan, it is important to understand that fraud becomes more 


prevalent in an environment of high and increasing home prices. 
In particular, when home prices are high relative to income, 
borrowers unwilling to accept a low standard of living can be 
tempted into lying on a mortgage loan application. When prices 
are high and rapidly increasing, there is an even greater incen- 
tive to commit fraud given that the cost of waiting is an even 
lower standard of living. Rapid home price appreciation also 
increases the return to speculative and criminal activity. More- 
over, while benefits of fraud are increasing, the costs of fraud 
decline as expectations of higher future prices create equity 
that reduces the probability of default and severity of loss in the 
event of default. 


In support of this claim, the IRS reports that the number of real- 
estate fraud investigations doubled between 2001 and 2003. 
Recent statistics from the FBI and Financial Crimes Network 
(FINCEN) document that suspicious activity reports (SARs) filed 
by federally regulated institutions related to mortgage fraud have 
increased from 3,500 in 2000 to 28,000 in 2006. The Mortgage 
Asset Research Institute (2007) estimates that direct losses from 
mortgage fraud exceeded $1 billion in 2006, more than double 
the amount from 2005. The rapid slowdown in home price 
appreciation has made it more difficult to buy and sell houses 
quickly for profit, and is quickly revealing the extent to which 
fraud permeated mortgage markets. For example, subprime and 
Alt-A loans originated in 2006 have experienced historical levels 
of serious early payment default (EPD), defined as being 90 days 
delinquent only three months after origination. Moody’s (2007) 
notes that EPDs appear to be driven by borrowers using the loan 
to purchase for investment purposes, as opposed to borrowers 


refinancing an existing loan or purchasing a home for occupancy. 


Predatory borrowing is defined as the willful misrepresentation 
of material facts about a real estate transaction by a borrower 
to the ultimate purchaser of the loan. This financial fraud might 
also involve cooperation of other insiders—realtors, mortgage 
brokers, appraisers, notaries, attorneys. The victims of this fraud 
include the ultimate purchaser of the loan (for example a public 
pension), but also include honest borrowers who have to pay 
higher interest rates for mortgage loans and prices for residen- 
tial real estate. Below, | summarize the most common forms of 
predatory borrowing. 


Fraud for Housing 


Fraud for housing constitutes illegal actions perpetrated solely 
by the borrower in order to acquire and maintain ownership of 
a home. This type of fraud is typified by a borrower who makes 
misrepresentations regarding income, employment, credit 
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history, or the source of down payment. A recent example from 


Dollar (2006): 


A real estate agent would tell potential home buyers that 
they could receive substantial funds at closing under the 
guise of repair costs that they would be able to use for 
their personal benefit so long as they agreed to purchase 
certain “hard to sell” homes at an inflated price. Brokers 
would facilitate the submission of fraudulent loan applica- 
tions for the potential homeowners that could not qualify 
for the loans. In some cases temporary loans were provided 
to buyers for down payments with the understanding they 
would be reimbursed at closing from the purported remod- 
eling or repair costs, marketing services fees and other 
undisclosed disbursements. The buyers in those cases 
would falsely represent the sources of the down payments. 


Fraud for Profit 


Fraud for profit refers to illegal actions taken jointly by a bor- 
rower and insiders to inflate the price of a property with no 


motivation to maintain ownership. The FBI generally focuses its 
effort on fraud perpetrated by industry insiders, as historically it 
involves an estimated 80 percent of all reported fraud losses. A 


recent example from Hagerty and Hudson (2006): 


The borrowers, who include truck drivers, factory work- 
ers, a pastor and a hair stylist, say they were duped by 
acquaintances into signing stacks of documents and 
didn't know they were applying for loans. Instead, they 
thought they were joining a risk-free “investment group.” 
Now, many of the loans are in default, the borrowers’ 
credit ratings are in ruins, and lenders are pursuing the 
organizers of the purported investment group in court. 
Companies stuck with the defaulting loans include 
Countrywide Financial Corp., the nation’s largest home 
lender, and Argent Mortgage Co., another big lender. A 
lawsuit filed by Countrywide accuses the organizers of 
acquiring homes and then fraudulently selling them for 

a quick profit to the Virginia borrowers. Representatives 
of the borrowers put the total value of loans involved at 
about $80 million, which would make it one of the largest 
mortgage-fraud cases ever. 


A summary by the Federal Bureau of Investigation of some 
popular fraud-for-profit schemes: 


e Property flipping involves repeatedly selling a property to 
an associate at an artificially inflated price through false 
appraisals. 


e A “silent second,” meaning the non-disclosure of a loaned 
down-payment to a first-lien lender. 


Nominee loans involve concealing the true identity of the 
true borrower, who use the name and credit history of the of 
the nominee’s name to qualify for a loan. The nominee could 
be a fictitious or stolen identity. 


Inflated appraisals involve an appraiser who acts in collusion 
with a borrower and provides a misleading appraisal report 
to the lender. 


Foreclosure schemes involve convincing homeowners 

who are at risk of defaulting on loans or whose houses are 
already in foreclosure to transfer their deed and pay up- 
front fees. The perpetrator profits from these schemes by 
re-mortgaging the property or pocketing fees paid by the 
homeowner. 

Equity skimming involves the purchase of a property by an 
investor through a nominee, who does not make any mort- 
gage payments and rents the property until foreclosure takes 
place several months later. 


Air loans involve a non-existent property loan where a bro- 
ker invents borrowers and properties, establishes accounts 
for payments, and maintains custodial accounts for escrows. 


Source: Federal Bureau of Investigation. 


The Role of the Rating Agencies 


Moody's (1996) claim that the vast majority of all securitizations 


are tightly structured to eliminate virtually all fraud risk. The risk 


of fraud is greatest when structures and technology developed 


for large, established issuers are mis-applied to smaller, less 


experienced issuers. Moreover, the lack of third-party monitors 


or involvement of entities with little or no track record increases 


the risk of fraud. The authors identify three potential types of 


fraud in a securitization: 


borrower fraud: the misrepresentation of key information 
during the application process by the borrower 


fraud in origination: misrepresentation of assets by the orig- 
inator before securitization occurs, resulting in assets which 
do not conform with transaction’s underwriting standards 


servicer fraud: the deliberate diversion, commingling, or 
retention of funds that are otherwise due to investors; the 
risk most significant among unrated, closely-held servicers 
that operate without third-party monitoring 


ComFed is a historical example of fraud in a mortgage 


securitization: 


The parties involved at ComFed exaggerated property 
values to increase the volume-oriented commissions that 
they received for originating loans. To increase under- 
writing volumes still more, ComFed employees granted 
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loans to unqualified borrowers by concealing the fact 
that these obligors had financed down payments with 
second-lien mortgages. 


To prevent such instances of lower-level fraud, the originator's 
entire underwriting process should be reviewed to ensure that 
marketing and underwriting capacities remain entirely separate. 
Personnel involved in credit decisions should report to execu- 
tives who are not responsible for marketing or sales. Underwrit- 
ers’ compensation should not be tied to volume; rather, if an 
incentive program is in place, the performance of the originated 
loans should be factored into the level of compensation. 


Moody's (1996) claim that exposure to fraud can be minimized 
by the following: 


e determine the integrity and competence of the management 
of the seller/servicer of a transaction through due diligence 
and background checks 


e complete a thorough review of the underwriting process, 
including lines of reporting and employee compensation, to 
eliminate interests conflicting with those of investors 


e establish independent third party monitoring of closely held 
entities with little external accountability that originate or 
service assets 


e consider internal and external factors that could influence a 


servicer’s conduct during the life of a securitization 


This statement makes it clear that it is largely the responsibility 
of investors to conduct their own due diligence in order to avoid 
becoming victims of fraud. 


Investors do receive a small but important amount of protection 
against fraud from representations and warranties made by the 
originator. Standard provisions protect investors from misinforma- 
tion regarding loan characteristics, as well as guard against risks 
such as fraud, previous liens, and/or regulatory noncompliance. 


Moody’s (2005a) documents that an originator’s ability to honor its 
obligation is the crucial component in evaluating the importance 
of these warranties. An investment grade credit rating often suf- 
fices to meet this standard. Otherwise, the rating agency claims 
that it will review established practices and procedures in order 

to ensure compliance and adequate tangible net worth relative to 


the liability created by the representations and warranties. 


APPENDIX C 


Some Estimates of PD by Rating 


A credit rating at a minimum provides an ordinal risk ranking: a 
AAA rating is better (in the sense of lower likelihood of default 


and loss) than a AA rating, which is better than a BBB rating, 
and so on. More useful, however, is a cardinal ranking which 
would assign a numerical value such as a PD to each rating. 
Roughly speaking obligor PDs increase exponentially as one 
descends the credit spectrum. 


The three major rating agencies have seven broad rating cate- 
gories as well as rating modifiers, bringing the total to 19 rating 
classes, plus ‘D’ (default, an absorbing state?) and ‘NR’ (not 
rated—S&P, Fitch) or ‘WR’ (withdrawn rating—Moody’s).2! Typi- 
cally ratings below ‘CCC’, e.g., ‘CC’ and 'C’, are collapsed into 
‘CCC’, reducing the total ratings to 17.3? Although the rating 
modifiers provide a finer differentiation between issuers within 
one letter rating category, an investor may suffer a false sense 
of accuracy. Empirical estimates of PDs using credit rating histo- 
ries can be quite noisy, even with over 25 years of data. Under 
the new Basel Capital Accord (Basel II), U.S. regulators would 


require banks to have a minimum of seven non-default rating 
categories (FRB, 2003). 


A detailed discussion of PD accuracy is given in Hanson and 
Schuermann (2006), but in Table 18.36 we provide smoothed 
one-year PD estimates using S&P ratings histories from 
1981-2006 for their global corporate obligor base. We present 
estimates at both the grade and notch level. Guided by the 
results of Hanson and Schuermann (2006), we assign color codes 
to the PD estimates reflecting their estimation accuracy, with 
gray being accurate, light gray moderately, and dark gray not 
accurate.*? Hanson and Schuermann, using a shorter sample 
period (1981-2002), show that 95% confidence intervals of 
notch-level PD estimates are highly overlapping for investment 
grades (AAA through BBB—) but not so for speculative grades 
(BB through CCC). Since the point estimates for investment 
grade ratings are very small, a few basis points or less, it is effec- 
tively impossible to statistically distinguish the PD for a AA-rated 
obligor from a A-rated one. Indeed the new Basel Capital 


30 One consequence of default being an absorbing state arises when a 
firm re-emerges from bankruptcy. They are classified as a new firm. 


31 The CCC (S&P) and Caa (Moody's) ratings contain all ratings below as 
well—except default, of course. Fitch uses the same labeling or ratings 
nomenclature as S&P. 


32 Sometimes a C rating constitutes a default in which case it is included 
in the ‘D' category. For no reason other than convenience and expedi- 
ency, we will make use of the S&P nomenclature for the remainder of 
the chapter. 


33 Accurate (gray) means that adjacent notch-level PDs are statistically 
distinguishable, moderately accurate (light gray) means that PDs two 
notches apart are distinguishable, and not accurate (dark gray) means 
that PDs two notches apart are not distinguishable (but may be so three 
or more notches apart). 
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LEL Cw: S&P One-Year PDs in Basis Points 
(1981-2006), Global Obligor Base 


Smoothed Smoothed 
Rating PD Estimates PD Estimates 
Categories | (Notch Level) (Grade Level)** 
AAA 0.02 
AA+ 
AA 0.8 
AA— 
A+ 
A 2.1 
‘a 
BBB+ 
BBB 8.5 
BBB— 
BB+ 
BB 51.8 
BB- 
B+ 
B 368 
B— 
EC 3,633 


Each entry is the average of two approaches: cohort based on monthly 
migration matrices and duration or intensity based. 


34 Note that grade level PD estimates for a given grade, say AA, 

need not be the same as the mid-point of the notch level PD estimate 
because a) PDs increase non-linearly (in fact approximately exponen- 
tially) as one descends the ratings spectrum, and b) the obligor distribu- 
tion is uneven across (notch-level) ratings. 


35 Includes all grades below CCC. 


Accord, perhaps with this in mind, has set a lower bound of 3bp 
for any PD estimate (BCBS 2005, §285), commensurate with 
about a single-A rating. 
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